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(57) ABSTRACT

The present invention has for its object to provide a process
for manufacturing multilayer printed circuit boards which 1s
capable of simultaneous via hole filling and formation of
conductor circuit and via holes of good crystallinity and
uniform deposition can be constructed on a substrate and
high-density wiring and highly reliable conductor connec-
tions can be realized without annealing.

The present mvention is related to a process for manufac-
turing multilayer printed circuit boards which comprises
disposing an interlayer resin msulating layer on a substrate
formed with a conductor circuit, creating opemngs for
formation of via holes 1 said interlayer resin insulating
layer, forming an electroless plated metal layer on said
interlayer resin 1nsulating layer, disposing a resist thereon,
performing electroplating, stripping the resist off and etch-
ing the electroless plated metal layer to provide a conductor
circuit and via holes, wherein the electroplating 1s performed
intermittently using said electroless plated metal layer as
cathode and a plating metal as anode at a constant voltage
between said anode and said cathode.

16 Claims, 47 Drawing Sheets
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PRINTED WIRING BOARD AND ITS
MANUFACTURING METHOD

TECHNICAL FIELD

The present invention relates to a printed circuit board and
to a method for production thereof. The mvention further
relates to plating methods and plating solutions which can be
applied to the above production of printed circuit boards.

BACKGROUND ART

With the mounting need for higher functionality and
turther miniaturization of electronic equipment, advances 1n
integration technology of LSI and 1 size reduction of
components, and changes in the mounting mode, the
demand for high-density wiring 1s getting greater in the field
of printed circuit boards and, as a consequence, development
of the so-called multilayer circuit boards comprising 3 or
more conductor layers has been broadly undertaken.

In view of the demand for higher wiring density in
multilayer circuit boards, the so-called buildup multilayer
circuit board 1s attracting attention. The buildup multilayer
circuit board 1s manufactured by the technology disclosed 1n
Japanese Kokai Publication Hei1-4-35555, for instance.
Thus, a core substrate board formed with a lower-layer
conductor circuit 1s coated with an electroless plating adhe-
sive comprising a photosensitive resin and, after the coat 1s
dried, exposure to light and development are carried out to
provide an interlayer resin isulating layer having openings
for via holes. Then, the surface of this interlayer resin
insulating layer 1s roughened with an oxidizing agent or the
like and a thin electroless plated copper layer 1s formed on
said interlayer resin mnsulating layer. Then, a plating resist 1s
disposed thereon and a thick electroplated copper layer 1s
constructed. The plating resist 1s then stripped ofl and the
thin electroless plated copper layer 1s etched off to provide
a conductor circuit pattern including via holes. This proce-
dure 1s repeated a plurality of times to provide a multilayer
printed circuit board.

When, i the above process for fabricating a printed
circuit board, the direct-current plating (DC plating) method,
which 1s one of the conventional electroplating techniques,
1s used to provide said electroplated copper layer on a
substrate surface, the current generally tends to be concen-
trated 1n the marginal area of the substrate surface as
compared with the central area so that, as 1llustrated in FIG.
6, the thickness t,, of the copper layer 1n the marginal area
of the substrate surface tends to become greater than the
thickness t,; 1n the central area, thus causing a regional
variation in thickness of the electroplated copper layer.

Since, 1n actual production runs, said substrate surface 1s
the surface of a substrate board (work size substrate) having
a large area corresponding to a large number of printed
circuit boards integrated (specifically, the average one has an
area ol 255 to 510 mm square and there 1s even one having
an area of about 1020 mm square at a maximum), the above
tendency 1s particularly pronounced.

In the manufacture of printed circuit boards, when the
clectroplated copper layer constituting a conductor circuit 1s
not uniform 1n thickness, the insulation interval t,, between
conductor layers in the marginal region of the substrate
board 1s relatively smaller than the insulation interval t,,
between conductor layers in the central region of the sub-
strate board as shown 1n FIG. 7, so that the thickness of the
isulating layer 11015 between conductor layers must be
increased in order to msure a suflicient insulation i all
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regions of the printed circuit board but this 1s a hindrance to
the implementation of high-density wiring.

In addition, when the copper layer 1s formed by direct
current plating, the crystallinity of the plated copper 1s low
because of the use of an organic additive for improved
throwing power. Moreover, the residual stress 1n the plated
copper layer 1s fairly large so that the layer tends to develop
cracks and other flaws and show low elongation and high
tensile strength characteristics. Therefore, an annealing step

for reducing the residual stress has been essential to the
manufacture of printed circuit boards.

As a technology for insuring the uniformity of thickness
of the plated copper layer, it has been proposed to form a
thick plated copper layer by electroless plating alone without
clectroplating. However, the thick plated copper layer
formed by electroless plating 1s poor 1n ductility because of
the unavoidable contamination of the layer with many
impurities mnclusive of the additives used. Therefore, when
a thick plated copper layer 1s formed by electroless plating,
the reliability for the wiring and connection 1s insuilicient
and in order to attain a suflicient degree of reliability, an
annealing step 1s indispensable 1n this case, too.

To overcome the above problem, a technology for con-
structing a thick plated copper layer by a constant-current
pulse electrolytic technique has been proposed.

The constant-current pulse electroplating process 1s char-
acterized 1n that the plating current 1s controlled at a constant
level and the representative wavetorm mnvolved 1s a square
wave.

This technology may be further divided into the process
(PC plating process; FIG. 8) in which the current 1s con-
trolled by means of the square pulse wave available by
repetition of the alternating supply (ON) and interruption
(OFF) of the cathode current and the pulse-reverse electro-
plating method (PR plating method; FIG. 9) 1n which the
current 1s controlled with a periodically reversed wave
available by repetition of the alternating supply of cathode
current and supply of anode current. As compared with the
direct current electroplating process, the non-steady diffu-
s10n layer can be reduced in thickness 1n either process, with
the result that a smooth plated metal layer can be constructed
and further that since plating can be effected at a high pulse
current density (high overvoltage), the evolution of crystal
seeds 1s promoted to yield finer crystal grains, thus enabling
formation of a plated metal layer of high crystallinity. As an
example of the PR electroplating method, the process dis-
closed by Fujinami et al. (Surface Technology, “Formation

of Via Filling by PR Electrolysis™, 48 [6], 1997, p. 86—87).

However, when the plated copper layer 1s formed by PC
process, the uniformity of layer thickness 1s superior to that
obtainable by direct current plating process but is not as
good as the objective level (FIG. 4).

On the other hand, the plated copper layer formed by PR
process 1s 1improved 1n the uniformity of thickness as com-
pared with the layer obtainable by PC process but 1s not as
high as desired yet and, moreover, plating by PR process
requires an expensive current source.

The current mainstream of electroless plating 1 the
manufacture of printed circuit boards uses EDTA as a
complexing agent, and examples of formation of copper
circuits with such electroless plating solutions can be found
in the Best Mode sections of Japanese Kokai Publication
Sho-63-158156 and Japanese Kokai Publication Hei-2-
188992 (corresponding to U.S. Pat. No. 5,055,321 and U.S.
Pat. No. 5,519,177).
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However, with a plating solution containing EDTA as a
complexing agent, a compressive stress (an expanding
force) 1s generated 1n the plating metal layer to cause peeling
of the plated copper film from the resin insulating layer.

Furthermore, there 1s also found the problem not to
deposit within fine via holes not over 80 um in diameter.

Moreover, in the conventional processes for manufacture
of printed circuit boards, 1t was 1mpossible to construct
fine-definition line conductor circuits on core boards. Thus,
the prior art method for forming a conductor circuit on the
core substrate board for a printed circuit board i1s now
described with reference to FIG. 27. As the core substrate
board, a copper-clad laminate 3330A comprising a resin
substrate 3330 and, as clad to both sides thereof, a copper
to1l 3331 (FIG. 27 (A)) 1s used. First, through holes 3332 are
drilled 1n this core board (FI1G. 27 (B)). Then, a plating metal
1s uniformly deposited (3333) to form plated-through holes
3336 in said holes 3332 (FIG. 27 (C)). Then, the copper foil
3331 formed with the plated metal layer 3333 1s subjected to
pattern-etching to provide a conductor circuit 3334 (FIG. 27
(D)). After an interlayer resin insulating layer 3350 1s
formed over said conductor circuit 3134, plating 1s per-
formed to provide a conductor circuit 3358 (FIG. 27 (E)).

In the above process according to the conventional tech-
nology, the thickness of copper foi1l 3331 1s at least 18 um
and the thickness of the plated metal layer formed thereon 1s
15 um. Since the combined thickness 1s as large as 33 um,
etching produces undercuts on the lateral sides of the
conductor 3334 as shown 1n FIG. 27 (D) and since the circuit
layer then 1s liable to peel ofl, 1t has been impossible to
construct a fine-line conductor circuit.

Furthermore, the conductor circuit 3358 on the interlayer
resin msulating layer 3350, shown in FIG. 27 (E), has been
formed 1n a thickness of about 15 um. In contrast, the
conductor circuit 3334 on the core board 3330 has a thick-
ness of 33 um. This means that a large impedance difference
1s 1nevitable between the conductor circuit 3358 on the
interlayer resin insulating layer 3350 and the conductor
circuit 3334 on the core board and because of difliculties 1n
impedance alignment, the high-frequency characteristic of
the circuit board cannot be improved.

Moreover, 1in the above process for fabricating a printed
circuit board, when the substrate surface 1s copper-plated by
direct-current (DC) electroplating which 1s general electro-
plating technique, the plating metal 1s deposited 1n the same
thickness over the via hole opemings and the conductor
circuit-forming area.

This results 1n formation of depressions in the areas of the
interlayer resin insulating layer which correspond to the via
holes. Another problem 1s that the structure called “stacked
via”’, namely formation of a via hole over a via hole, cannot
be constructed.

In addition, for the following reasons, the conventional
printed circuit board has the drawback that its size and
thickness are increased beyond what are required. Thus, as
shown 1n FIG. 38 (A), the printed circuit board 5210 for use
as a package board for mounting the IC chip 5290 is
tabricated by building up interlayer resin insulating layers
5250, 5350 and conductor layers 52358, 5358 in an alternat-
ing manner on a core board 5230 formed with plated-
through holes 5236 and disposing bumps 35276U for con-

nection to the IC chip 5290 on the top surface and bumps
5276D for connection to a mother board on the bottom side.

The electrical connection between the top and bottom con-

ductor layers 1s aflorded by via holes 5260, 3360. While the
via holes 5260 are adjacent to the IC chip 5290 of the core
board 5230, the via holes 5360 adjacent to the mother board.
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These via holes are connected to each other through the
corresponding plated-through holes 5236. Thus, on the face
side of the core board 5230 of this printed circuit board
5210, as shown i FIG. 38 (B) which 1s a sectional view
taken along the line B—B of FIG. 38 (A), the land 52364 of
the plated-through hole 5236 1s provided with an inner layer
pad 5236b for via-hole connection to the upper layer, while
the via hole 5260 1s connected to this inner layer pad 52365.

However, with the prior art land configuration illustrated
in FIG. 38 (B), the interval between plated-through holes
must be large enough to insure a mutual insulation of 1nner
layer pads 5236, thus restricting the number of plated-
through holes that can be constructed 1n the core board.

On the other hand, the package board i1s formed with a
larger number of bumps on the face side than on the reverse
side. This 1s because the wirings from the plurality of bumps
on the surface are consolidated and connected to the bumps
on the reverse side. For example, the power lines required to
be of low resistance compared with signal lines, which

number 20, for instance, on the face side (IC chip side) are
consolidated 1nto a single line on the reverse side (on mother

board side).

Here, it 1s preferable that the buildup circuit layer formed
on the face side of a core board and the buildup circuit layer
on the reverse side may be consolidated at the same pace for
the purpose of equalizing the number of upper buildup
circuit layers to the number of lower buildup circuit layers,
that 1s to say for minimizing the number of layers. However,
as mentioned above, there 1s a physical restriction to the
number of plated-through holes which can be formed 1n a
multilayer core board. Therefore, 1n the prior art package
board, the wirings are consolidated to some extent 1n the
buildup circuit layer on the face side and then connected to
the buildup circuit layer on the reverse side through the
plated-through holes in the multilayer core board. Since the
wiring density has thus been decreased 1n the buildup circuit
layer on the reverse side, it 1s 1ntrinsically unnecessary to
provide the same number of layers on the reverse side as in
the buildup circuit layers on the face side. However, the
same number of layers has heretofore been used because 11
there 1s a difference 1n the number of layers between the face
and reverse sides, warping due to asymmetry would be
inevitable. Thus, because of said restriction to the number of
plated-through holes which can be provided in the multi-
layer core board, it 1s not only necessary to increase the
number of layers for the buildup wiring layer on the face
side but also necessary to form the buildup circuit layer on
the reverse side using the same increased number of layers
on the face side.

Thus, 1n the prior art multilayered buildup circuit board
(package board), the number of built-up layers is increased
so that the reliability of connection between the upper and
lower layers 1s low. Moreover, the cost of the package board
1s increased and the size, thickness and weight of the
package board are unnecessarily increased.

Furthermore, even when the buildup multilayer circuit
board 1s provided only on one side of a core board, provision
must be made for a freedom 1n wiring design for the side
opposite to the side formed with the buildup layer.

Moreover, since the connection between plated-through
hole 5236 and via hole 5260 1s aflorded through an inner
layer pad 52365 as described above, the wiring length within
the printed circuit board 1s increased to sacrifice the signal
transmission speed, thus making i1t difhicult to meet the
demand for speed-up of IC chips.
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SUMMARY OF THE

INVENTION

Developed 1 the above state of the art, the present
invention has for its object to provide an electroplating
process which, by utilizing a constant-voltage pulse process
1s capable of providing with low equipment cost, an elec-
troplated metal of good crystallinity and uniform deposition
on substrate.

It 1s another object of the present invention to provide an
clectroless plating solution contributory to reduced plating
stresses and consequent protection of the plated metal film
against peeling from the mnner msulating layer and capable
of forming a plated metal film even 1n fine via holes and an
clectroless plating process using said plating solution.

It 1s still another object of the present invention to provide
a process for manufacturing a multilayer printed circuit
board having an improved high-frequency characteristic.

The present invention has for its additional object to
provide a process for manufacturing multilayer printed
circuit boards which 1s capable of simultaneous via hole
filling and formation of conductor circuit by electroplating
without using an expensive equipment.

It 1s a further object of the present invention to provide a
multilayer printed circuit board contributory to reduction in
the number of layers of the buildup structure and a multi-
layer printed circuit board contributory to reduction in the
internal wiring length.

It 1s a still further object of the present mvention to
provide a multilayer buildup circuit board contributory to
reduction in the internal wiring length.

The first invention among inventions belonging to the first
group 1s concerned with an electroplating process compris-
ing electroplating an electrically conductive substrate
wherein the electroplating 1s performed intermittently using,
said substrate surface as cathode and a plating metal film as
anode at constant voltage between said anode and said
cathode.

The second invention among said inventions belonging to
the first group 1s concerned with a process for producing a
circuit board comprising a substrate and, as formed thereon,
a conductor circuit by electroplating wherein the electro-
plating 1s performed intermittently using the electrically
conductive conductor circuit-forming surface as cathode and
a plating metal as anode at a constant voltage between said
anode and said cathode.

The third invention among said inventions belonging to
the first group 1s concerned with a process for manufacturing
a printed circuit board which comprises disposing a resist on
clectrically conductive layer formed on a substrate, perform-
ing electroplating, stripping the resist off and etching said
clectrically conductive layer to provide a conductor circuit,
wherein the electroplating 1s performed 1ntermittently using,
said electrically conductive layer as cathode and a plating
metal as cathode at a constant voltage between said anode
and said cathode.

The fourth invention among said inventions belonging to
the first group 1s concerned with a process for manufacturing
a printed circuit board which comprises disposing an inter-
layer resin insulating layer on a substrate formed with a
conductor circuit, creating openings for formation of via
holes 1n said interlayer resin insulating layer, forming an
clectroless plated metal layer on said interlayer resin insu-
lating layer, disposing a resist thereon, performing electro-
plating, stripping the resist off and etching the electroless
plated metal layer to provide a conductor circuit and via
holes, wherein the electroplating 1s performed intermittently
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6

using said electroless plated metal layer as cathode and a
plating metal as anode at a constant voltage between said
anode and said cathode.

The fifth mvention among said mventions belonging to
the first group 1s concerned with a circuit board comprising
a substrate and, as built thereon, a circuit comprised of a
copper film which has properties that (a) its crystallinity 1s
such that the X-ray difiraction half-width of the (331) plane
of copper 1s less than 0.3 deg and (b) the varnation 1n
thickness ((maximum thickness-minimum thickness)/aver-
age thickness)) of the electroplated copper layer (electro-
plated metal layer) as measured over the whole surface of
said substrate 1s not greater than 0.4.

The sixth invention among said 1inventions belonging to
the first group 1s concerned with a printed circuit board
comprising a substrate and, as built thereon, a circuit com-
prised of a plated copper film wherein said plated copper
film has properties that (a) its crystallinity 1s such that the
X-ray diffraction halt-width of (331) plane of copper 1s less
than 0.3 deg and (b) the variation in thickness ((maximum
thickness-minimum thickness)/average thickness) of said
plated copper layer as measured over the whole surface of
said substrate 1s not greater than 0.4.

The seventh invention among said iventions belonging
to the first group 1s concerned with a printed circuit board
comprising a substrate formed with a conductor circuit, an
interlayer resin insulating layer built thereon and a conduc-
tor circuit comprised of a copper film as built on said
interlayer resin insulating layer, said interlayer resin insu-
lating layer having wvial holes by which said conductor
circuits are interconnected, wherein said copper film has
properties that (a) its crystallimty 1s such that the X-ray
diffraction half-width of (331) plane of copper 1s less than
0.3 deg and (b) the variation 1 thickness ((maximum
thickness-minimum thickness)/average thickness) of said
plated copper layer as measured over the whole surface of
said substrate 1s not greater than 0.4.

As a prior art technology for constructing a conductor
circuit by a pulse electroplating method, there 1s known the
PR electrolytic process mentioned hereinbefore but this
prior art technology 1s a plating method using a constant
current and not a constant-voltage pulse electroplating pro-
cess wherein the voltage 1s controlled.

The first mvention among inventions belonging to a
second group 1s concerned with an electroless plating solu-
tion comprising an aqueous solution containing 0.025 to
0.25 mol/LL of a basic compound, 0.03 to 0.15 mol/L of a
reducing agent, 0.02 to 0.06 mol/L of copper 1on and 0.05 to
0.30 mol/LL of tartaric acid or a salt thereof.

The second mnvention among said inventions belonging to
the second group 1s concerned with an electroless plating
solution comprising an aqueous solution containing a basic
compound, a reducing agent, copper 1on, tartaric acid or a
salt thereof and at least one 10n species selected from the
group consisting of nickel 1on, cobalt 1on and 1ron 10n.

The third mmvention among said inventions belonging to
the second group 1s concerned with an electroless plating
process which comprises immersing a substrate 1n the elec-
troless plating solution according to either said first inven-
tion or said second mvention and performing electroless
copper plating at a deposition rate set to 1 to 2 um/hour.

The fourth invention among said inventions belonging to
the second group 1s concerned with a process for manufac-
turing a printed circuit board which comprises immersing a
resin insulating substrate board in the electroless plating
solution according to either said first mvention or said
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second 1nvention and performing electroless copper plating
at a deposition rate set to 1 to 2 um/hour to provide a
conductor circuit.

The fifth invention among said inventions belonging to
the second group 1s concerned with a printed circuit board
comprising a resin insulating substrate board formed with a
roughened surface and, as built thereon, a conductor circuit
comprising at least an electroless plated film wherein that
said electroless plated film has a stress of 0 to +10 kg/mm~.

The sixth mvention among said inventions belonging to
the second group i1s concerned with a printed circuit board
comprising a resin insulating substrate board formed with a
roughened surface and, as built thereon, a conductor circuit
comprising at least an electroless plated film wherein said
clectroless plated film 1s complementary to said roughened
surface and convex areas of the roughened surface 1s rela-
tively greater 1n thickness than said film 1n concave areas of
said roughened surface.

The seventh invention among said inventions belonging
to the second group 1s concerned with a printed circuit board
comprising a substrate board formed with a lower-layer
conductor circuit and, as built thereon, an upper-layer con-
ductor circuit through the intermediary of an interlayer resin
insulating layer, with said upper-layer conductor circuit and
said lower-layer conductor circuit being interconnected by
via holes,

wherein said upper-layer conductor circuit comprises at least
an electroless plated film, said interlayer resin insulating
layer 1s provided with a roughened surface, said electroless
plated film 1s complementary to said roughened surface, and
bottoms of said via holes are also provided with an electro-
less plated film having a thickness equal to 50 to 100% of the
thickness of the electroless plated film on said interlayer
resin 1nsulating layer.

The eighth invention among said inventions belonging to
the second group 1s concerned with a printed circuit board
comprising a resin insulating substrate board and, as built
thereon, a conductor circuit comprising at least an electro-
less plated film, wherein said electroless plated film com-
prises copper and at least one metal species selected from the
group consisting of mickel, 1ron and cobalt.

The first invention among inventions belonging to a third
group 1s concerned with a process for manufacturing a
multilayer printed circuit board comprising at least the
tollowing steps (1) to (5).

(1) a step for thinning the copper foil of a copper-clad
laminate by etching

(2) a step for piercing through holes i said copper-clad
laminate

(3) a step for depositing a plated metal film on said copper-
clad laminate to construct plated-through holes within said

through holes

(4) a step for pattern-etching the copper foil and plated metal
film on said copper-clad laminate to construct a conductor
circuit

(5) a step for serially building up an interlayer resin insu-
lating layer and a conductor layer alternately over said
conductor circuit.

The second invention among said inventions belonging to
the third group 1s concerned with a process for manufactur-
ing a multilayer printed circuit board comprising at least the
tollowing steps (1) to (7):

(1) a step for thinning the copper foil of a copper-clad
laminate by etching
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(2) a step for piercing through holes 1n said copper-clad
laminate

(3) a step for forming a conductor film on said copper-clad
laminate

(4) a step of disposing a resist on areas iree from conductor
circuits and plated-through holes

(5) a step for providing a plated metal film 1n the resist-free
area to construct a conductor circuit and plated-through
holes

(6) a step for stripping ofl said resist and etching the
conductor film and copper foil under the resist

(7) a step for serially building up an interlayer resin insu-

lating layer and a conductor layer alternately over said
conductor circuit.

The third mvention among inventions belonging to the
third group 1s concerned with a multilayer printed circuit
board which comprises a core board having a conductor
circuit and, as built over said conductor circuit, a buildup
wiring layers comprising obtainable by building up an
interlayer resin msulating layer and a conductor layer alter-
nately with the conductor layers being interconnected by via
holes, wherein the thickness of the conductor circuit on said
core board 1s not greater by more than 10 um than the
thickness of the conductor layer on said interlayer resin
insulating layer.

The fourth invention among said inventions belonging to
the third group 1s concerned with a process for manufactur-
ing a multilayer printed circuit board which comprises
thinning the copper foil of a copper-clad laminate by etch-
ing, pattern-etching the copper foil of said copper-clad
laminate to construct a conductor circuit and building up
serially an interlayer resin insulating layer and a conductor
layer alternately over said conductor circuit wherein the
thickness of the conductor circuit on said core board 1s
controlled so as to be not greater by more than 10 um than
the thickness of the conductor layer on said interlayer resin
insulating layer.

The mvention belonging to a fourth group i1s concerned
with a process for manufacturing a multilayer printed circuit
board which comprises constructing an interlayer insulating
layer on a substrate formed with a lower-layer conductor
circuit, piercing openings in said interlayer imnsulating layer,
imparting electrical conductivity to the surface of said
interlayer insulating layer and the mner walls of said open-
ings, performing electroplating to fill up said openings and
thereby provide via holes and, at the same time, construct an
upper-layer conductor circuit, wherein said electroplating 1s
performed using an aqueous solution containing a metal 10n
and 0.1 to 1.5 mmol/L of at least one additive selected from
the group consisting of thioureas, cyanides and polyalkylene
oxides as a plating solution.

The first invention belonging to a fifth group 1s concerned
with a multilayer printed circuit board comprising a core
board having plated-through holes and, as constructed on
both sides thereof, a buildup wiring layers obtainable by
building up an interlayer resin insulating layer and a con-
ductor layer alternately with said conductor layers being
interconnected by via holes, wherein said via holes are
formed in the manner of plugging the holes in plated-
through holes 1n said core board.

The second imvention belonging to the fifth group 1s
concerned with a process for manufacturing a multilayer
printed circuit board comprising at least the following steps

(1) to 4):
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(1) a step for piercing through holes not larger than 200 um
in diameter in a core board by laser

(2) a step for plating said through holes to construct plated-
through holes therein

(3) a step for constructing an interlayer resin msulating layer
provided with openings communicating with said plated-

through holes on the core board

(4) a step for plating the openings in said interlayer resin
insulating layer to construct via holes in the manner of
plugging the holes 1n said plated-through holes.

The first invention among inventions belonging to a sixth
group 1s concerned with a multilayer printed circuit board
comprising a core board and, as constructed on both sides
thereot, a buildup wiring layers obtainable by building up an
interlayer resin msulating layer and a conductor layer alter-

nately with via holes interconnecting conductor layers,
wherein the via holes 1 a lower layer are disposed 1imme-
diately over the plated-through holes formed in said core
board and via holes 1n an upper layer are disposed 1mme-
diately over said via holes 1n the lower layer.

The second invention among said inventions belonging to
the sixth group 1s concerned with a multilayer printed circuit
board comprising a core board having plated-through holes
and, as constructed on both sides thereotf, a buildup wiring
layers obtainable by building up an interlayer resin insulat-
ing layer and a conductor layer alternately with via holes
interconnecting conductor layers, wherein said plated-
through holes of core board are filled with a filler, with the
surfaces of said filler which are exposed from said plated-
through holes being covered with a conductor layer provided
with lower-layer via holes, with upper-layer via holes being
disposed immediately over said lower-layer via holes.

The third invention among said inventions belonging to
the sixth group 1s concerned with a multilayer printed circuit
board comprising a core board and, as constructed on both
sides thereof, a buildup wiring layers obtainable by building
up an interlayer resin msulating layer and a conductor layer
alternately with via holes interconnecting conductor layers
wherein the via holes 1n a lower layer are disposed to plug
the holes 1n plated-through holes of said core board, with via
holes 1n an upper layer being disposed immediately over
said via holes 1n the lower layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (a) to (g) are diagrams illustrating the conductor
circuit-fabricating step in the processes for manufacture of
printed circuit boards which belong to a first group of the
present invention.

FIG. 2 (a) to (e) are diagrams illustrating the printed
circuit board-fabricating step in the processes for manufac-
ture of printed circuit boards which belong to the first group
ol the present invention.

FI1G. 3 (a) to (b) are diagrams showing exemplary current
and voltage wavetorms for the constant-voltage pulse plat-
Ing Process.

FIG. 4 1s a diagram showing the results of evaluation of
the deposition uniformity of the electroplated copper layers
constructed by four kinds of electroplating techniques,
namely the direct-current plating technmique, PC plating
technique, PR plating technique and constant-voltage pulse
plating technique.

FI1G. 5 1s a diagram showing the result of X-ray diffraction
analysis of the electroplated copper layer formed by the
constant-voltage pulse plating technique.

10

FIG. 6 1s a schematic diagram illustrating the electro-
plated copper layer formed on an insulating board by the
conventional direct-current electrolytic technique.

FIG. 7 1s a schematic diagram illustrating the disadvan-
tage encountered in laminating the printed circuit board
prepared by the technique according to FIG. 6.

FIG. 8 (a) to (b) are diagrams showing exemplary current
and voltage wavelorms for the PC plating technique.

FIG. 9 (a) to (b) are diagrams showing exemplary current

0 and voltage wavelorms for the PR plating technique.
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FIG. 10 (a) to (d) are views 1llustrating the production
flow for the manufacture of a CMOS IC.

FIG. 11 (a) to (d) are sectional views showing a part of the
process for manufacture of printed circuit boards according
to a second group of the present invention.

FIG. 12 (a) to (d) are sectional views showing a part of the
process for manufacture of printed circuit boards according
to the second group of the present invention.

FIG. 13 (a) to (d) are sectional views showing a part of the
process for manufacture of printed circuit boards according
to the second group of the present invention.

FIG. 14 (a) to (¢) are sectional views showing a part of the
process for manufacture of printed circuit boards according
to the second group of the present invention.

FIG. 15 (a) to (¢) are sectional views showing a part of the
process for manufacture of printed circuit boards according
to the second group of the present invention.

FIG. 16 1s a partially exaggerated schematic sectional
view showing the thickness profile of the electroless plated
metal layer formed by the process according to the second
group of the present invention.

FIG. 17 (A) to (E) are sectional views showing a part of
the process for manufacture of multilayer printed circuit
boards according to the third group of the present invention.

FIG. 18 (F) to (I) are sectional views showing a part of the
process for manufacture of multilayer printed circuit boards
according to the third group of the present invention.

FIG. 19 (J) to (M) are sectional views showing a part of
the process for manufacture of multilayer printed circuit
boards according to the third group of the present invention.

FIG. 20 (N) to (P) are sectional views showing a part of
the process for manufacture of multilayer printed circuit
boards according to the third group of the present invention.

FIG. 21 (Q) to (S) are sectional views showing a part of
the process for manufacture of multilayer printed circuit
boards according to the third group of the present invention.

FIG. 22 (T) to (U) are sectional views showing a part of
the process for manufacture of multilayer printed circuit
boards according to the third group of the present invention.

FIG. 23 1s a cross-section view showing a multi-layer
printed circuit board according to this invention.

FIG. 24 (A) to (F) are sectional views showing a part of
the process for manufacture of multilayer printed circuit
boards according to the third group of the present invention.

FIG. 25 (A) to (E) are sectional views showing a part of
the process for manufacture of multilayer printed circuit
boards according to the third group of the present invention.

FIG. 26 (A) to (E) are sectional views showing a part of
the process for manufacture of multilayer printed circuit
boards according to the third group of the present invention.

FIG. 27 (A) to (E) are cross-section views showing a part
of the conventional process for manufacture of multilayer
printed circuit boards.

FIG. 28 (a) to (d) are sectional views showing a part of the
process for manufacture of multilayer printed circuit boards
according to the fourth group of the present invention.
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FI1G. 29 (a) to (d) are sectional views showing a part of the
process Tor manufacture of multilayer printed circuit boards
according to the fourth group of the present invention.

FIG. 30 (a) to (d) are sectional views showing a part of the
process for manufacture of multilayer printed circuit boards
according to the fourth group of the present invention.

FI1G. 31 (a) to (¢) are sectional views showing a part of the
process for manufacture of multilayer printed circuit boards
according to the fourth group of the present invention.

FIG. 32 (A) to (E) are cross-section views illustrating a
part of the production process for multilayer printed circuit
boards according to a fifth group of the present imnvention.

FIG. 33 (F) to (I) are cross-section view showing a part of
the production process for the multilayer printed circuit
board according to a fifth group of the present invention.

FI1G. 34 (J) to (M) are cross-section view showing a part
of the production process for the multilayer printed circuit
board according to the fifth group of the present invention.

FIG. 35 (N) to (QQ) are cross-section views showing a part
ol the production process for the multi-layer printed circuit
board in accordance with the fifth group of the present
invention.

FIG. 36 (R) 1s a cross-section view of the multi-layer
printed circuit board according to the fifth group of the
present mvention and FIG. 36 (S) 1s a sectional view taken
along the line S—S of FIG. 36 (R).

FIG. 37 1s a cross-section view of the multi-layer printed
circuit board according to the fifth group of the present
invention.

FIG. 38 (A) 1s a cross-section view of the conventional
multi-layer printed circuit board and FIG. 38 (B) 1s a
sectional view taken along the line B—B of FIG. 38 (A).

FIG. 39 (A) to (E) are cross-section views illustrating a
part of the production process for multilayer printed circuit
boards according to the sixth group of the present invention.

FI1G. 40 (F) to (J) are cross-section view showing a part
of the production process for the multilayer printed circuit
board according to the sixth group of the present invention.

FIG. 41 (K) to (O) are cross-section view showing a part
of the production process for the multilayer printed circuit
board according to the sixth group of the present invention.

FIG. 42 (P) to (T) are cross-section views showing a part
of the production process for the multi-layer printed circuit
board according to the sixth group of the present invention.

FI1G. 43 (U) to (X) are cross-section views showing a part
of the production process for the multi-layer printed circuit
board according to the sixth group of the present invention.

FIG. 44 1s a cross-section view showing a multi-layer
printed circuit board according to the sixth group of the
present mvention.

FIG. 45 1s a cross-section view showing a multi-layer
printed circuit board according to the sixth group of the
present mvention.

FIG. 46 1s a cross-section view showing a multi-layer
printed circuit board according to the sixth group of the
present invention.

FIG. 47 (A) illustrates a structure of the multi-layer
printed circuit board according to the sixth group of the
present mvention and FIG. 47 (B) illustrates a structure of
the multi-layer printed circuit board according to the sixth
group ol the present invention.

FIG. 48 illustrates an example of a structure of the
multi-layer printed circuit board according to the sixth group
of the present invention.

FIG. 49 1s a cross-section view showing a multi-layer
printed circuit board according to the sixth group of the
present mvention.
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FIG. 50 1s a cross-section view showing a multi-layer
printed circuit board according to the sixth group of the
present 1nvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The present mvention 1s now described 1n detail. Unless
otherwise indicated, the thickness of any copper foil, con-
ductor layer or conductor circuit as mentioned in this
specification 1s the mean of thicknesses measured on a light
or electron microphotograph of i1ts cross-section.

The first invention among the inventions belonging to the
first group 1s concerned with an electroplating process for
clectroplating a conductive substrate surface wherein said
clectroplating 1s performed intermittently using said sub-
strate surface as cathode and a plating metal as anode at a
constant voltage between said anode and said cathode.

The intermittent electroplating in the above electroplating
process 1s carried out by repeating application of a voltage
between the cathode and anode and interruption thereof in
an alternating pattern, and preferably the voltage time/
interruption time ratio 1s 0.01 to 100, the voltage time 1s not
longer than 10 seconds and the interruption time is not
shorter than 1x107~ seconds.

The second mvention among the mventions belonging to
the first group 1s concerned with a process for producing a
circuit board which comprises forming a conductor circuit
on a substrate board by electroplating,

wherein said electroplating is performed imtermittently using,
the conductive surface on which a conductor circuit 1s to be
formed as cathode and a plating metal as anode at a constant
voltage between said anode and said cathode.

In the above process for producing a circuit board, said
intermittent electroplating 1s carried out by repeating appli-
cation of a voltage between the cathode and anode and
interruption thereof 1n an alternating pattern, and preferably
the voltage time/interruption time ratio 1s 0.01 to 100, the
voltage time 1s not longer than 10 seconds and the 1nterrup-
tion time is not shorter than 1x10™* seconds.

It should be understood that the above circuit comprises
clectrodes and mounting pads 1n addition to a conductor
circuit pattern.

The third invention among the inventions belonging to the
first group 1s concerned with a process for producing a
printed circuit board which comprises disposing a resist on
a conductive layer on a substrate board, performing elec-
troplating, stripping the resist ofl, and etching said conduc-
tive layer to provide a conductor circuit,

wherein said electroplating is performed mtermittently using
said conductive layer as cathode and a plating metal as
anode at a constant voltage between said anode and said
cathode.

-

T'he fourth invention among the inventions belonging to
the first group 1s concerned with a process for producing a
printed circuit board which comprises constructing an inter-
layer resin msulating layer on a conductor circuit-forming
substrate board, forming openings for via holes 1 said
interlayer resin insulating layer, forming an electroless
plated metal layer over said interlayer resin isulating layer,
disposing a resist thereon, performing electroplating, strip-
ping the resist ofl and etching the electroless plated metal
layer to form a conductor circuit pattern and via holes,
wherein said electroplating is performed imtermittently using,
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said electroless plated metal layer as cathode and a plating
metal as anode at a constant voltage between said anode and
said cathode.

In the above process for producing a printed circuit board,
a metal layer may have been formed on the surface of the
interlayer resin insulating layer.

The intermittent electroplating in the above third and
fourth 1nventions comprises application of a voltage
between the cathode and anode and interruption thereof in
an alternating pattern, and preferably the voltage time/
interruption time ratio 1s 0.01 to 100, the voltage time 1s not
longer than 10 seconds and the interruption time is not
shorter than 1x107~ seconds.

The fifth invention among the inventions belonging to the
first group 1s concerned with a circuit board having a copper
film circuit on a substrate board, wherein said copper film
has properties (a) its crystallinity 1s such that the half-width
of X-ray diffraction of the (331) plane of copper 1s less than
0.3 deg. and (b) the variation 1n thickness of said copper film
(electroplated copper layer) measured over the whole sur-
face of said substrate, 1.e. ((maximum thickness-minimum
thickness)/average thickness), 1s not greater than 0.4.

In the circuit board mentioned above, the percent elon-
gation of said copper film as a characteristic parameter 1s
preferably not less than 7%.

The sixth invention among the inventions belonging to the
first group 1s concerned with a printed circuit board com-
prising a copper film circuit on a substrate board, wherein
said copper film has properties that (a) its crystallinity 1s
such that the half-width of X-ray diffraction of the (331)
plane of copper 1s less than 0.3 deg. and (b) the variation in
thickness of plated metal layer measured over the whole
surface of said substrate, 1.e. ((maximum thickness-mini-
mum thickness)/average thickness), 1s not greater than 0.4.

The seventh invention among the inventions belonging to
the first group 1s concerned with a printed circuit board
comprising an interlayer resin insulating layer on a substrate
board for the formation of a conductor circuit and, as
disposed on top of said interlayer resin insulating layer, a
copper-film conductor circuit, with via holes provided in
said 1nterlayer resin insulating layer interconnecting said
conductor circuits,

wherein said copper film has properties that (a) 1ts crystal-
linity 1s such that the half-width of X-ray diffraction of the
(331) plane of copper 1s less than 0.3 deg. and (b) the
variation in thickness of said copper film (electroplated
copper layer) measured over the whole surface of said
substrate, 1.¢. ((maximum thickness-mimmum thickness)/
average thickness), 1s not greater than 0.4.

The copper film in the above sixth and seventh inventions
1s preferably further has its percent elongation of not less
than 7%.

The inventions of the first group relate broadly to a
technology for fabricating conductor circuits for semicon-
ductor devices and printed circuit boards and an electroplat-
ing technology such that intermittent electroplating 1s per-
formed 1n a plating metal ion-contaiming plating solution
using the substrate surface as cathode and the plating metal
as anode with the voltage between said anode and cathode
being kept constant.

The intermuittent electroplating described above insures a
uniform plating thickness. The reason seems to be that while
the plating metal deposit 1s preferentially dissolved by the
spike current tlowing momentarily toward the anode 1n the
marginal area of the substrate board surface and around the
openings for via holes where the amount of deposition of the
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plating metal tends to be larger, the plating metal 1s precipi-
tated by the spike current tlowing momentarily toward the
cathode 1n the central area of the substrate surface and the
interior parts of the via holes where the amount of plating
metal deposition tends to be smaller as in the remainder of
the region, with the result that a highly uniform thickness of
clectrodeposition 1s mnsured.

Furthermore, intermittent electroplating results 1n an
increased crystallinity of the plated metal film. The reason 1s
suspected to be that as the application of a voltage 1s
interrupted, the metal 1ons 1 the neighborhood of the
interface of the substrate diffuse to maintain a constant
concentration at all times so that no defect occurs 1n the
crystal lattice of the precipitated metal layer, thus contrib-
uting to a higher degree of crystallinity.

By the constant-voltage pulse plating techmique in the
inventions of the first group, which mnsures a uniform plate
thickness, the thickness of the conductor circuits for circuit
boards such as semiconductor devices and printed circuit
boards can be rendered uniform. Therefore, not only 1s
impedance alignment facilitated but, because the thickness
of the interlayer resin insulating layer i1s umiform, an
improved interlayer msulation 1s materialized. Furthermore,
because of high crystallinity and high elongation character-
istics, the residual stress 1n the plated metal layer 1s low so
that even fine line-definition patterns can be protected
against peeling. Therefore, the connection reliability of
circuits 1s 1improved.

The above intermittent electroplating process comprises
application of a voltage between the cathode and anode and
interruption thereof 1n an alternating pattern, and preferably
the voltage time/interruption time ratio 1s 0.01 to 100, the
voltage time 1s not longer than 10 seconds and the interrup-
tion time is not shorter than 1x10~"* seconds. If the voltage
time exceeds 10 seconds, the film thickness will become
uneven as it 1s the case with the conventional direct-current
electroplating, and when the nterruption time 1s less than
1x10 seconds, the diffusion of metal 10ons will be 1nsuth-
cient to detract from crystallinity. The optimum voltage
time/mterruption time ratio 1s 0.1 to 1.0.

The electroplating mentioned above 1s preferably copper
plating, nickel plating, cobalt plating, tin plating or gold
plating.

The copper plating solution i1s preferably an aqueous
solution of sulfuric acid and copper sulfate. The mickel
plating solution may for example be an aqueous solution of
nickel sulfate, nickel chloride, and boric acid. The cobalt
plating solution may be an aqueous solution of cobalt
chloride, basic cobalt carbonate and phosphorus acid. The
tin plating solution may be an aqueous solution of stannous
chloride. For gold plating, an aqueous solution of gold
chloride, potasstum cyanide and gold metal can be used.

Since the electroplating bath need not be supplemented
with a brightener and other additives, the crystallinity of the
plated metal deposit 1s remarkably high.

As the plating metal which serves as the anode, the metal
in the form of a ball or a rod, for instance, can be used.

The technology of manufacturing circuit boards 1n accor-
dance with the inventions belonging to the first group 1n now
described.

The substrate board which can be used includes metal,
semiconductor, resin and ceramic substrates, among others.

First, the surface of the substrate board 1s made electri-
cally conductive so that 1t may be successiully electroplated.
The technique for imparting electrical conductivity to a resin
substrate or a ceramic substrate comprises forming metal
layer by using an electroless plated deposit layer or a

e
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sputter-metalized layer. As an alternative, the technique of
incorporating a colloidal or powdery metal 1n the matrix
resin can be used.

On the substrate rendered electrically conductive on the
surface, a resist 15 disposed where necessary. The plating
metal adheres to the conductive surface not covered with
resist but exposed.

This substrate 1s immersed 1n the electroplating solution
and subjected to intermittent electroplating using the sub-
strate as cathode and the plating metal as anode.

Referring to the inventions of the first group, the produc-
tion process relevant to cases 1n which the circuit board 1s a
printed circuit board 1s now described.

The substrate which can be used includes insulating
substrates such as a resin substrate and a ceramic substrate.

The resin substrate mentioned above includes an 1nsulat-
ing board prepared by laminating prepregs each comprising
a fibrous matrix impregnated with a thermosetting resin, a
thermoplastic resin or a thermosetting resin-thermoplastic
resin complex or a copper-clad laminate board prepared by
laying up such prepregs and copper foils and hot-pressing
them.

As the fibrous matrix mentioned above, glass cloth,
aramid cloth, etc. can be used.

An electroless plating catalyst such as a Pd catalyst 1s
applied to the surface of said insulating substrate board to
form an electroless plated layer. When a copper-clad lami-
nate board 1s used, the copper o1l as such can be utilized as
cathode.

A plating resist 1s then disposed thereon. The plating resist
can be formed by a process which comprises pasting a
photosensitive dry film followed by exposure and develop-
ment or a process which comprises coating the substrate
board with a liquid resist followed by exposure and devel-
opment.

The conductor circuit 1s formed by intermittent electro-
plating using the conductive layer not covered with resist but
exposed, e.g. electroless plated metal layer as cathode and
the plating metal as anode.

Then, the plating resist 1s stripped ofl and the conductive
layer, e.g. electroless plated metal layer, 1s etched off with an
etching solution to complete the conductor circuit.

As the etching solution mentioned above, an aqueous
system ol sulfuric acid-hydrogen peroxide, ferric chloride,
cupric chloride or ammonium persulfate, for instance, can be
used.

The following procedure 1s followed for the production of
a multilayer printed circuit board.

A conductor circuit-forming substrate board 1s first pro-
vided with an interlayer resin isulating layer, which 1s then
formed with openings for via holes. The openings are
provided by exposure, development or 1irradiation with laser
light.

For the interlayer resin insulating layer mentioned above,
a thermosetting resin, a thermoplastic resin, a partially
photosensitized thermosetting resin, or a complex resin
comprising thereot can be used.

The above iterlayer resin msulating layer can be formed
by coating with an uncured resin or an uncured resin film by
pressure bonding under heating. As an alternative, an
uncured resin film carrying a metal layer, e.g. copper foil, on
one side can be bonded. When such a resin film 1s used, the
areas of the metal layer which correspond to via holes are
ctched off, followed by irradiation with a laser beam to
provide necessary openings.

The above resin film formed with a metal layer may for
example be a copper foi1l having resin film.
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As the mterlayer resin insulating layer mentioned above,
the layer formed of an adhesive for electroless plating use
can be used. The optimum adhesive for electroplating use 1s
a dispersion of a cured acid- or oxidizing agent-soluble
heat-resistant resin powder 1n a substantially acid- or oxi-
dizing agent-insoluble uncured heat-resistant resin. This 1s
because upon treatment with an acid or an oxidizing agent,
the heat-resistant resin particles are dissolved and removed
so that a roughened surface comprising narrow-necked
bottle-like anchors can be provided.

Referring to said adhesive for electroless plating use, the
cured heat-resistant resin powder mentioned above, 1n par-
ticular, is preferably (1) a heat-resistant resin powder having
an average particle diameter of not more than 10 um, 2) a
block powder available on aggregation of heat-resistant
resin particles having an average particle diameter of not
more than 2 um, (3) a mixture of a heat-resistant resin
powder having an average particle diameter of 2 to 10 um
and a heat-resistant resin powder having an average particle
diameter of not more than 2 um, (4) a pseudo-particle
comprising a heat-resistant resin powder having an average
particle diameter of 2 to 10 um and at least one of a
heat-resistant resin powder and an 1norganic powder each
having an average particle diameter of not more than 2 um
as adhered to the surface of the first-mentioned resin powder,
(5) a mixture of a heat-resistant resin powder having an
average particle diameter of 0.1 to 0.8 um and a heat-
resistant resin powder having an average particle diameter of
over 0.8 um to less than 2 um, or (6) a heat-resistant resin
powder having an average particle diameter o 0.1 to 1.0 um
1s preferred. With any of those materials, the more sophis-
ticated anchors can be provided.

The depth of the roughened surface structure 1s preferably
Rmax=0.01 to 20 pum. This 1s preferred for insuring a
suflicient degree of adhesion. Particularly in the semi-
additive process, the depth of 0.1 to 5 um 1s preferred, for the
clectroless plated metal layer can then be removed without
detracting from adhesion.

The substantially acid- or oxidizing agent-insoluble heat-
resistant resin mentioned above 1s preferably a “complex
resin comprising a thermosetting resin and a thermoplastic
resin” or a “complex resin comprising a photosensitive resin
and a thermoplastic resin”. This 1s because while the former
1s highly heat-resistant, the latter 1s capable of forming
openings for via holes by a photolithographic technique.

The thermosetting resin which can be used as above
includes epoxy resin, phenolic resin and polyimide resin.
For imparting photosensitivity, the thermosetting groups are
acrylated with methacrylic acid or acrylic acid. The opti-
mum resin 1s an acrylated epoxy resin.

As the above-mentioned epoxy resin, there can be used
novolac epoxy resins such as phenol novolac resin and
cresol novolac resin and dicyclopentadiene-modified alicy-
clic epoxy resin.

As the thermoplastic resin, there can be used polyether-
sulfone (PES), polysulione (PSF), polyphenylenesulione
(PPS), polyphenylene sulfide (PPES), polyphenyl ether
(PPE), polyetherimide (PI) and fluororesin.

The blending ratio of the thermosetting resin (photosen-
sitive resin) to the thermoplastic resin, 1.e. thermosetting
(photosensitive) resin/thermoplastic resin, 1s preferably 95/5
to 50/50. This range contributes to a high level of toughness
without compromise 1n heat resistance.

The blending weight ratio of said heat-resistant resin
powder 1s preferably 5 to 50 weight % based on the solid
matter of the heat-resistant resin matrix. The more preferable
ratio 1s 10 to 40 weight %.
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The heat-resistant resin powder 1s preferably an amino
resin (melamine resin, urea resin, guanamine resin) or an
epoXy resin, for instance.

Further, an electroless plated metal layer 1s formed over
said interlayer resin insulating layer (on the copper o1l when
a resin-containing copper foil 1s used) inclusive of surface of
openings and after placement of a resist, electroplating is
performed to provide a conductor circuit and via holes.

The electroplating 1s performed intermittently using said
clectroless plated metal layer as cathode and the plating
metal as anode with the voltage between the anode and
cathode being kept constant.

Then, the resist 1s stripped ofl and the electroless plated
metal layer 1s etched ofl.

The circuit board and printed circuit board formed by the
clectroplating process according to the first group of the
present inventions, 1 which the conductor wiring or con-
ductor circuit 1s made of copper, should satisty the following
conditions (a) and (b).

Thus, (a) as to crystallinity, the half-width of X-diffraction
of the (331) plane of copper 1s not greater than 0.3 deg, and
(b) the variation in plating thickness of the copper layer
(electrolated copper layer) as measured all over the surface
of said substrate board ((maximum thickness-minimum
thickness)/average thickness) 1s not greater than 0.4.

When the half-width of X-ray diffraction of the (331)
plane of copper 1s 0.3 deg. or larger, the residual stress will
be increased and, 1n the case of a delicate pattern, there will
be a risk for peeling. If the variation ((maximum thickness-
mimmum thickness)/average thickness) 1s greater than 0.4,
impedance alignment may hardly be obtained.

The reason for selection of the (331) plane of copper 1s
that this 1s the plane revealing the most striking change in
crystallimity in X-ray difiraction analysis.

The percent elongation mentioned above for the copper
layer 1s preferably not less than 7%. If the elongation 1s less
than 7%, cracks are liable to develop on cold thermal shock.

In the mventions of the first group, the purity of copper
deposited 1s as high as 99.8% or more. Therefore, the
inherent ductility of copper 1s fully expressed to provide a
high elongation rate.

The circuit board mentioned above includes printed cir-

cuit boards, IC chips and semiconductor devices such as
LS.

The first mnvention among inventions belonging to a
second group 1s concerned with an electroless plating solu-
tion comprising an aqueous solution containing 0.025 to
0.25 mol/LL of a basic compound, 0.03 to 0.15 mol/LL of a
reducing agent, 0.02 to 0.06 mol/L of copper 1on and 0.05 to
0.30 mol/L of tartaric acid or a salt thereof.

The second imvention among inventions of the second
group 1s concerned with an electroless plating solution
comprising an alkaline compound, a reducing agent, copper
10n, tartaric acid or a salt thereof and at least one metal 10n
species selected from the group consisting of nickel 1on,
cobalt 10n and 1ron 1on.

The preferred specific gravity of the electroless plating

solutions according to the above first and second inventions
1s 1.02 to 1.10.

Furthermore, the preferred temperature of those electro-
less plating solutions 1s 25 to 40° C. In addition, the copper
deposition rate ol those electroless plating solutions 1is
preferably 1 to 2 um/hour.

The third mnvention among inventions of the second group
1s concerned with an electroless plating process which
comprises immersing a substrate in the electroless plating
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solution of said first or second invention and performing
clectroless copper plating with the deposition rate set to 1 to
2 um/hour.

In the above electroless plating process, said substrate 1s
preferably provided with a roughened surface 1n advance.

The fourth invention among inventions of the second
group 1s concerned with a process for manufacturing a
printed circuit board comprising immersing a resin msulat-
ing substrate board in the electroless plating solution of said
first or second invention and performing electroless copper
plating with the deposition rate set to 1 to 2 um/hour to
provide a conductor circuit.

The fifth invention among inventions of the second group
1s concerned with a printed circuit board comprising a resin
insulating substrate board having a roughened surface and,
as electroless plated layer thereon, a conductor circuit,
wherein said electroless plated layer has a stress value of O
to +10 kg/mm”.

The sixth invention among imventions of the second group
1s concerned with a printed circuit board comprising a resin
insulating substrate board having a roughened surface and,
as an electroless plated layer thereon, a conductor circuit,
wherein said electroless plated layer 1s complementary to
said roughened surface and relatively increased 1n thickness
in convex areas of the roughened surface as compared with
concave areas of said surface.

The concave and convex areas mentioned above mean the
concave and convex parts of the primary anchor and do not
refer to the secondary anchor formed on the convex part
thereof or the like (ref. FIG. 16).

The seventh invention among inventions of the second
group 1s concerned with a printed circuit board which
comprises a substrate board formed with a lower conductor
circuit, an interlayer resin insulating layer thereon and an
upper conductor circuit as built up with said lower conductor
circuit connected to said upper conductor circuit through via
holes, wherein said upper-layer conductor circuit comprises
at least an electroless plated metal film, said interlayer resin
insulating layer has a roughened surface, said electroless
plated metal film 1s complementary to said roughened sur-
face throughout and the bottom parts of said via holes are
also provided with a electroless plated layer in a thickness
equal to 50 to 100% of the electroless plated layer formed on
said interlayer resin insulating laver.

The eighth invention among inventions of the second
group 1s concerned with a printed circuit board comprising
a resin insulating substrate board and as built thereon a
conductor circuit comprising at least an electroless plated
metal layer, wherein said electroless plated metal layer
comprises copper and at least one metal selected from the
group consisting of nickel, 1ron and cobalt.

In the printed circuit board according to the above eighth
invention of the second group, the preferred content of said
at least one metal selected from nickel, 1ron and cobalt 1s 0.1
to 0.5 weight %.

The electroless plating solution according to the first
invention among inventions of the second group comprises
an aqueous solution containing 0.025 to 0.25 mol/L of a
basic compound, 0.03 to 0.15 mol/LL of a reducing agent,
0.02 to 0.06 mol/LL of copper 10n and 0.05 to 0.3 mol/LL of
tartaric acid or a salt thereof.

The electroless plating solution according to the second
invention among mmventions of the second group comprises
an aqueous solution containing a basic compound, a reduc-
ing agent, copper 1on, tartaric acid or a salt thereof and at
least one 1on species selected from the group consisting of
nickel 1on, cobalt 10n and 1ron 10n.
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Since those electroless plating solutions contain tartaric
acid or 1ts salt, the amount of hydrogen uptake 1n the plating
metal deposit 1s so small that a tensile stress 1s generated in
the plated metal layer. Since 1ts absolute value 1s small
compared with the conventional case (when EDTA 1s used 5
as a complexing agent) but appropnate, the plated metal
layer adheres intimately to the substrate and hardly peels off
from the substrate.

Furthermore, by controlling the proportion of said basic
compound within the range of 0.025 to 0.25 mol/LL and that 10
of said reducing agent within the range of 0.03 to 0.15
mol/L, the deposition rate of the plating solution can be
reduced to 1 to 2 um/hr. Therefore, when a plating metal 1s
deposited 1n the openings for via holes, the copper 1ons are
allowed to diffuse far enough down the openings for via 15
holes so that a suthciently thick plated metal film can be
formed even within fine via holes.

Since the electroless plating solution according to the
above second mvention of the second group contains at least
one metal 1on species selected from the group consisting of 20
nickel 1on, cobalt 1on and 1ron 10on 1n addition to tartaric acid
or a salt thereof, the evolution of hydrogen 1s suppressed
with the result that an appropriate tensile stress 1s generated
in the plated metal layer to msure a good adhesion to the
substrate and, hence, exfoliation of the plated metal {from the 25
substrate 1s hard to take place.

The specific gravity of those electroless plating solutions
1s preferably adjusted to 1.02 to 1.10. This 1s because a
plating metal can then be precipitated 1n the fine openings
for via holes. 30

The preferred temperature of those electroless plating
solutions 1s 25 to 40° C. If the temperature 1s excessively
high, the deposition will be accelerated so much that the
plating metal can hardly be deposited within fine openings
for via holes. If the temperature 1s less than 25° C., 1t takes 35
so much time to deposit the plated metal layer, therefor the
temperature 1s not practical.

Furthermore, the above electroless plating solutions pret-
erably contain 0.01 to 0.05 weight % of mickel 10n, iron 10n
and/or cobalt 10n. 40

By setting the concentration of nickel and/or other 1on
within the above range, the concentration of said at least one
metal 1on species selected from the group consisting of
nickel, iron and cobalt 1ons can be controlled within the
range of 0.1 to 0.5 weight % to thereby provide a plated 45
metal film which 1s hard enough and shows good adhesion
to the resin insulating layer.

Referring to the electroless plating solution according to
the first mvention among said inventions of the second
group, said basic compound may for example be sodium 50
hydroxide, potassium hydroxide or ammonia.

The reducing agent mentioned above includes formalde-
hyde, sodium hypophosphite, NaBH, and hydrazine.

The compound mentioned above as a copper 10n includes
copper sulfate and copper chloride. 55
The above-mentioned salt of tartaric acid includes the

corresponding sodium salt and potassium salt and any of
those salts may be the salt derived by substituting only one
of the available two carboxyl groups with the above-men-
tioned particular metal or the salt derived by substituting 60
both the carboxyl groups with the above-mentioned metal.

Referring to the electroless plating solution according to
the above second invention of the second group, the com-
pound for providing said mickel 10on includes nickel chloride
and nickel sulfate; the compound for providing said cobalt 65
ion 1ncludes cobalt chloride; and the compound providing
for said iron 1on includes iron chloride.
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The third invention of the second group 1s concerned with
an electroless plating process which comprises immersing a
substrate 1n said electroless plating solution and performing
copper electroless plating at the deposition rate set to 1 to 2
um/hr as mentioned above.

The fourth mmvention of the second group 1s concerned
with a process for manufacturing a printed circuit board
which comprises immersing a resin insulating substrate
board 1n said electroless plating solution and performing
copper electroless plating by the above-mentioned electro-
less copper plating process to provide a conductor circuit.

The resin insulating substrate board mentioned above
means not only a resin insulating substrate board not formed
with a conductor circuit but a resin insulating substrate
board formed with a conductor circuit and, 1n superimposi-
tion, further with an interlayer resin insulating layer having,
openings for via holes.

In the above electroless plating process or in the above
process for manufacturing a printed circuit board, the sur-
face of resin insulating layer constituting said substrate and
the resin insulating substrate 1s preferably a roughened
surface.

The roughened surface mentioned above comprises con-
cave areas and convex areas and the plating metal 1s depos-
ited tracing those concave and convex areas but the thick-
ness of the deposit 1s larger in the convex areas of the
roughened surface than in the concave areas thereof and this
thickness profile offers the following advantages.

Thus, 1n the process generally called the semi-additive
process which comprises disposing a plating resist on an
clectroless plated metal layer, performing electroplating to
form a thick plated metal film, stripping off said plating
resist and etching the electroless plated metal layer beneath
the plating resist, the etching operation 1s easier when the
thickness of the electroless plated metal film 1s relatively
thin 1n the concave areas as compared with the convex areas
and the whole plated metal deposit can be easily removed by
this etching without leaving unetched areas, with the result
that the msulation reliability of the resulting circuit 1s very
satisfactory.

The printed circuit board fabricated by the process for
manufacturing a printed circuit board according to the fourth
invention of the second group has the following character-
1stics.

Thus, the printed circuit board according to the fifth
invention of the second group comprises a resin msulating
substrate board having a roughened surface and as built
thereon a conductor circuit comprising at least an electroless
plated metal film,

wherein said electroless plated metal film has a stress value
of 0 to +10 kg/mm”~.

The sign of the above stress value 1s positive, 1.e. +, which
means that a tensile stress has been generated 1n the above-
mentioned plated metal film. This stress can be measured
with a spiral stress meter (manufactured by Yamamoto
Plating Co., Ltd.).

Moreover, within the above stress range, the plated metal
film does not undergo blistering or peeling so that the
connection reliability of the conductor circuits 1s high.

The printed circuit board according to the sixth imnvention
of the second group i1s a printed circuit board comprising a
resin 1nsulating substrate board formed with a roughened
surface and as built thereon a conductor circuit comprising,
at least an electroless plated metal film, wherein said elec-
troless plated metal film 1s complementary to said roughened
surface and the thickness of said electroless plated metal
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film 1s relatively thick 1n the convex areas of the roughened
surface compared with the concave areas thereof (that 1s to
say, the electroless plated metal film 1n the concave areas 1s
relatively thin as compared with the convex areas thereot).

Therefore, when a conductor circuit 1s to be formed by the
semi-additive process mentioned above, the electroless
plated metal film 1n the concave areas of said roughened
surface, which 1s thinner than that in the convex areas, can
be more readily and completely stripped ofl, with the result
that the problem of unetched residues 1s obwviated in the
ctching step and a high inter-conductor nsulation depend-
ability 1s assured.

The printed circuit board according to the seventh inven-
tion of the second group 1s concerned with a circuit board
which comprises a substrate board carrying a lower conduc-
tor circuit built thereon, an interlayer resin msulating layer
and an upper conductor circuit as built up with said lower
conductor circuit and upper conductor circuit being inter-
connected by via holes,

wherein said upper conductor circuit comprises at least
clectroless plated metal film, said interlayer resin insulating
layer has a roughened surface, said electroless plated metal
film 1s complementary to said roughened surface, and bot-
toms of said via holes also carry the electroless plated metal
film 1n a thickness equal to 50 to 100% of the thickness of
the electroless plated metal film on said interlayer resin
insulating layer.

The above printed circuit board 1s fabricated using the
above-described electroless plating solution and, therefore,
via holes can be provided because, even when the openings
for via holes are as fine as 80 um or less 1n diameter, a
suiliciently thick plated metal film can be formed on the hole
bottoms.

The printed circuit board according to the eighth inven-
tion of the second group comprises a resin msulating sub-
strate board and, as built thereon, a conductor circuit com-
prising at least an electroless plated metal film, wherein said
clectroless plated metal film comprises copper and at least
one metal species selected from the group consisting of
nickel, iron and cobalt.

Here, addition of a salt of such a metal 1on inhibits the
uptake of hydrogen into the plated metal to reduce the
compressive stress of plating so that the resulting film may
have an improved adhesion to the resin insulating layer.
Furthermore, those metals form alloys with copper to
increase the hardness of the plated metal film, thus contrib-
uting further to the adhesion to the resin msulating layer.

An electrodeposition layer which 1s high i hardness and
adhesion to the resin msulating layer can be obtained when
the content of said at least one metal species selected from
among nickel, 1rron and cobalt 1s within the range of 0.1 to
0.5 weight %.

The technology for manufacture of printed circuit boards
according to the mventions of the second group 1s now
described, taking the semi-additive process as an example.

(1) First, a substrate board carrying an inner-layer copper
pattern (lower conductor circuit) on the surface of a core
board 1s constructed.

Formation of the conductor circuit on the core board can
be achieved typically by a process which comprises etching,
a copper-clad laminate board according to a predetermined
pattern, a process which comprises depositing an electroless
plating adhesive layer on a glass-epoxy substrate board,
polyimide substrate board, ceramic substrate board or metal
substrate board, roughening the adhesive layer to impart a
roughened surface and performing electroless plating, or a

10

15

20

25

30

35

40

45

50

55

60

65

22

process which comprises performing electroless plating all
over said roughened surface, disposing a plating resist,
performing electroplating over the areas other than the
plating resist areas, stripping ofl the plating resist and
performing etching to provide a conductor circuit compris-
ing the electroplated metal film and the electroless plated
metal film (semi-additive process).

In addition, the surface of the conductor circuit of the
above circuit board may be formed with a roughened surface
or a roughened layer.

The roughened surface or roughened layer mentioned
above 1s preferably formed by any of sanding, etching,
blackening-reduction, and plating techniques.

Blackening-reduction, among the above techniques, 1s
preferably carried out by a method using a blackening bath
(oxidizing bath) comprising an aqueous solution of NaOH
(20 g/1), NaClO, (50 g/l) and Na,PO, (15.0 g/1) and a
reducing bath comprising an aqueous solution of NaOH (2.7
g/1) and NaBH, (1.0 g/l).

The preferred procedure for forming a roughened layer by
a plating technique comprises performing electroless plating
using an electroless plating solution (pH=9) contaiming
copper sulfate (1 to 40 g/l), nickel sultate (0.1 to 6.0 g/1),
citric acid (10 to 20 g/1), sodium hypophosphite (10 to 100
g/1), boric acid (10 to 40 g/1) and a surfactant (Surfinol 4635,
Nisshin Chemical Industries, Ltd.) (0.01 to 10 g/1) to provide

a roughened layer composed of Cu—Ni1—P alloy.

The crystal of the plated metal deposit formed within the
above range has an acicular structure which has an excellent
anchor eflect. This electroless plating bath may contain a
complexing agent and various additives 1n addition to the
above compounds.

The method for providing a roughened layer by etching
includes a process which comprises permitting an etching
solution containing a cupric complex compound and an
organic acid to act upon the surface of the conductor circuit
in the presence of oxygen to thereby roughen said surface.

In this case, etching proceeds according to the chemical
reactions represented by the following expression (1) and
expression (2).

Cu + Cu(IDA, = 2Cu(l) o (1)

l

2CuU(D Ay, +n/40; + nAH
- 2Cu(IDA,, + 1 /2H,0

(2)

(wherein A represents a complexing agent (which functions
as a chelating agent) and n represents a coordination num-
ber).

The cupric complex mentioned above 1s preferably a
cupric azole complex. This cupric azole acts as an oxidizing
agent which oxidizes metallic copper or the like. The azole
may for example be a diazole, a triazole or a tetrazole.
Particularly preferred species are imidazole, 2-methylimi-
dazole, 2-ethylimidazole,  2-ethyl-4-methylimidazole,
2-phenylimidazole, 2-undecylimidazole, etc. The cupric
azole complex content of said etching solution 1s preferably
1 to 15 weight %. Within this range, the complex 1s good 1n
solubility and stability and capable of dissolving even a
noble metal, such as Pd, which constitutes the catalyst
nucleus.

To 1nsure dissolution of copper oxide, an organic acid 1s
used 1n association with the cupric azole complex. The
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organic acid includes formic acid, acetic acid, propionic
acid, butyric acid, valeric acid, caproic acid, acrylic acid,
crotonic acid, oxalic acid, malonic acid, succinic acid,
glutaric acid, maleic acid, benzoic acid, glycolic acid, lactic
acid, malic acid and sulfamic acid. Those acids may be used
cach independently or 1n a combination of two or more
species.

The preferred organic acid content of the etching solution
1s 0.1 to 30 weight %. In this range, the solubility of oxidized
copper and the solution stability can be suthiciently mnsured.
As expressed by the above expression (2) the cuprous
complex generated 1s dissolved under the influence of the
acid and binds oxygen to form the cupric complex, thus
contributing to the oxidation of copper again.

To assist 1 the dissolution of copper and the oxidizing
action of the azole compound, the etching solution men-
tioned above may be supplemented with a halide 1on, e.g.
fluoride 10n, chloride 10n or bromide 10n. The halide 10on may
also be supplied by adding hydrochloric acid, sodium chlo-
ride or the like. The halide 1on content of the etching solution
1s preferably 0.01 to 20 weight %. In this range, a good
adhesion can be 1nsured between the roughened surface and
the interlayer resin insulating layer.

In preparing the etching solution, said cupric azole com-
plex and organic acid (where necessary, one having a halide
1ion 1s used) are dissolved 1in water. As said etching solution,
a commercial etching solution, for example “Meck Etch
Bond™, trade mark, manufactured by Meck Co., Ltd., can be
used. The etching amount, when the above etching solution
1s used, 1s preferably 0.1 to 10 um, the optimum range being
1 to 5 um. If the etching amount exceeds 10 um, a connec-
tion defect occurs between the roughened surface and the via
hole conductor. On the other hand, 1f the etching amount 1s
less than 0.1 um, the adhesion to the interlayer resin insu-
lating layer to be built thereon will not be sufliciently high.

The roughened layer or roughened surface may be cov-
ered with a layer made of a metal having an 1onization
tendency greater than copper but not greater than titanium or
a noble metal layer (hereinafter referred to as the metal
layer). The metal mentioned above includes titanium, alu-
minum, zinc, iron, indium, thallium, cobalt, nickel, tin, lead
and bismuth. The noble metal includes gold, silver, platinum
and palladium. Those metal species may be used either
independently or 1n a combination of two or more species to
form a plurality of layers.

Such a metal layer covers the roughened layer and rough-
ens the interlayer resin insulating layer to prevent local
clectrode reactions and thereby protect the conductor circuit
against dissolution. The pretferred thickness of such a metal
layer 1s 0.1 to 2 um.

Among the metals used to constitute said metal layer, tin
1s preferred. This 1s because tin may form a thinner layer on
lectroless substituted plated layer faithiully tracing the
roughened layer.

To form a metal layer composed of tin, substitution
plating 1s carried out using a tin borofluoride-thiourea con-
taining solution or a tin chlornide-thiourea containing solu-
tion. In this case, an Sn layer about 0.1 to 2 um thick 1s
tformed by the Cu—=Sn substitution reaction. To form a metal
layer composed of a noble metal, sputtering or vapor depo-
sition can be used, for instance.

The core substrate board may be equipped with plated-
through holes so that the wiring layer on the face side and
the reverse side may be electrically connected through said
plated-through holes.

10

15

20

25

30

35

40

45

50

55

60

65

24

Moreover, between the plated-through holes and conduc-
tor circuits of the core board, a low-viscosity resin such as
bisphenol F epoxy resin may be filled 1n to msure evenness.

(2) Then, the substrate board prepared as above in (1) 1s
coated with a organic solvent-containing resin composition
for preparation of a roughened surface and the coat 1s dried
to provide a layer of the resin composition for preparation of
a roughened surface.

The resin composition for preparation of a roughened
surface mentioned above 1s preferably a composition com-
prising an uncured heat-resistant resin matrix, which 1s
hardly soluble 1n a roughing solution comprising at least one
member selected from the group consisting of an acid, an
alkali and an oxidizing agent, and, as dispersed therein, a
substance soluble 1n said roughening solution comprising at
least one member selected from the group consisting of an
acid, an alkali and an oxidizing agent.

The terms “hardly soluble” and “soluble™ are used here 1n
connection with the imnventions of the second group to mean
that, when immersed 1n the same rougheming solution for the
same duration of time, the substance which dissolves at a
relatively high dissolution rate 1s described as being
“soluble” and the one which shows a relatively low disso-
lution rate 1s described as being “hardly soluble™, for con-
venience’s sake.

As the heat-resistant resin matrix mentioned above, a
nermosetting resin or a complex resin composed of a
nermosetting resin (1inclusive of one 1 which some of the
nermosetting groups have been photosensitized) and a
hermoplastic resin, for mstance, can be used.

The thermosetting resin mentioned above includes epoxy
resin, phenolic resin, polyimide resin and thermosetting
polyolefin resins. Photosensitization of the thermosetting
resin, referred to above, can be achieved by (meth) acrylat-
ing the thermosetting groups of the resin with methacrylic
acid or acrylic acid. The most preferred example 1s a (meth)
acrylated epoxy resin.

The epoxy resin mentioned above includes novolac epoxy
resin and alicyclic epoxy resin.

The thermoplastic resin mentioned above includes poly-
cthersulfone, polysulfone, polyphenylenesulione, polyphe-
nylene sulfide, polyphenyl ether and polyetherimide.

The above-mentioned substance soluble in said roughen-
ing solution comprising at least one member selected from
the group consisting of an acid, an alkali and an oxidizing
agent 1s preferably at least one member selected from the
group consisting of an mmorganic powder, a resin powder, a
metal powder, a rubber powder, a liquid-phase resin and a
liquid-phase rubber.

The morganic powder mentioned above includes powders
of silica, alumina, calcium carbonate, talc and dolomite.
Those substances can be used either independently or 1n a
combination of two or more species.

The alumina powder mentioned above can be dissolved
and removed with fluoric acid and the calcium carbonate
powder can be dissolved and removed using hydrochloric
acid. The sodium-containing silica and dolomite can be
dissolved and removed with an aqueous alkaline solution.

The resin powder mentioned above includes amino resin
(e.g. melamine resin, urea resin, guanamine resin, etc.),
epoxy resin and bismaleimide-triazine resin. Those resins
can be used either independently or 1n a combination of two
Or more species.

As said epoxy resin, either the resin soluble 1n acids and
oxidizing agents or the resin hardly soluble therein can be
freely prepared by selecting kind of oligomers and curing
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agents. For example, whereas the resin obtainable by curing
bisphenol A epoxy resin with an amine series curing agent
1s readily soluble in chromic acid, the resin obtainable by
curing cresol novolac epoxy resin with an 1imidazole series
curing agent 1s hardly soluble in chromic acid.

It 1s essential that said resin powder be cured 1n advance.
Unless cured ahead of time, the resin powder dissolves 1n the
solvent for the resin matrix to give a homogeneous mixture
so that the resin powder cannot be selectively dissolved off
with an acid or an oxidizing agent.

The metal powder mentioned above includes powders of
gold, silver, copper, tin, zinc, stainless steel and aluminum.
Those metal powders can be used either independently or as
a mixture of two or more species.

The rubber powder mentioned above includes acryloni-
trile-butadiene rubber, polychloroprene rubber, polyisoprene
rubber, acryl rubber, polysulfide-vulcanized hard rubber,
fluoro rubber, urethane rubber, silicone rubber and ABS
resin powders. Those rubber powders can be used either
independently or 1n a combination of two or more species.

As the liquid resin mentioned above, a solution of said
thermosetting resin 1 uncured state can be used. For
example, a mixture of an uncured epoxy oligomer and an
amine series curing agent can be mentioned.

As the liquid rubber, a solution of the above-mentioned
rubbers in uncured state can be used.

In preparing said photosensitive resin composition using
said liquid resin or liquid rubber, these substances should be
selected to insure that said heat-resistant resin matrix and the
selected soluble substance will not form a homogeneous
mixture (1.e. but will form discrete phases).

By using the heat-resistant matrix resin and soluble sub-
stance selected according to the above criterion, there can be
obtained a photosensitive resin composition 1n which many
islands of said liquid resin or liquid rubber are scattered 1n
an ocean of said heat-resistant resin or conversely 1slands of
said heat-resistant resin matrix are scattered in an ocean of
said liquid resin or liquid rubber.

After curing of such a photosensitive resin composition,
the liguid resin or liquid rubber forming said ocean or said
1slands, as the case may be, 1s removed, whereupon the
objective roughened surface i1s obtained.

The acid which can be used as said roughening solution
includes phosphoric acid, hydrochloric acid, sulfuric acid
and a variety of organic acids such as formic acid and acetic
acid, among others, although an organic acid 1s preferably
used. This 1s because when an organmic acid 1s used for
roughening, it does hardly corrode the metal conductor layer
exposed from via holes.

As the oxidizing agent mentioned above, chromic acid or
an aqueous solution of an alkali permanganate (e.g. potas-
sium permanganate), for mstance, 1s preferably selected.

The alkali mentioned hereinbefore 1s preferably an aque-
ous solution of sodium hydroxide or potassium hydroxide,
for 1nstance.

In the second group of the present invention, wherein said
inorganic powder, metal powder or resin powder 1s used, the
average particle diameter of the powder 1s preferably not
greater than 10 um.

Particularly, even 1f a mixed powder 1s not greater than 2
wm 1n average particle diameter, the use of the mixed powder
which actually comprises a coarse powder having a rela-
tively large average particle diameter and a fine powder
having a relatively small average particle diameter waill
climinate residues of undissolved electroless plated metal,
reduce the amount of the palladium catalyst underneath the
plating resist and, moreover, provide a shallow but complex
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roughened surface. By providing such a roughened surface
of complexity, a practically usetul peel strength can be
imparted even with a shallow roughened depth profile.

The reason why a shallow but complex roughened surface
can be provided by using said coarse powder and fine
powder 1n combination 1s that because the average particle
diameter of even the coarse powder 1s less than 2 um, the
anchors available upon dissolution and removal of the
particles are small 1n depth and, at the same time, because
the particle removed 1s actually a mixture of a coarse powder
having a relatively large particle size and a fine powder
having a relatively small particle size, the resulting rough-
ened surface becomes a complex texture.

Furthermore, since the average particle diameter of even
the coarse powder used 1s less than 2 um, there 1s no risk for
clearances arising from excessive roughening, so that the
resulting interlayer resin insulating layer 1s excellent in
interlayer insulation.

It 1s preferable that the average particle diameter of said
coarse powder be over 0.8 um but less than 2.0 um and that
of said fine powder be 0.1 to 0.8 um.

Within the above range, the depth of said roughened
surface 1s approximately Rmax=3 um, and in the semi-
additive process, 1t 1s not only easy to etch ofl the electroless
plated metal deposit but also easy to remove the Pd catalyst
beneath the electroless plated metal deposit and, moreover,
a practically useful peel strength of 1.0 to 1.3 kg/cm can be
insured.

The organic solvent content of the above resin composi-
tion for preparation of roughened surfaces is preferably not
more than 10 weight %.

Coating with the resin composition for preparation of
roughened surfaces can be carried out using a roll coater or
a curtain coater, for instance.

(3) The resin composition layer for preparation of roughened
surfaces formed 1n (2) above 1s dried to a semi-hardened
state and, then, provided with openmings for via holes.

In the dry state of the resin composition layer for prepa-
ration ol roughened surface, the thickness of the resin
composition layer on the conductor circuit pattern 1s small
while the thickness of the plain layer having large area 1s
large and, moreover, the interlayer resin insulating layer has
been corrugated due to the non-umformity in level of the
conductor circuit area and the non-circuit area. Therefore,
the surtace of the interlayer resin insulating layer 1s prefer-
ably smoothened by pressing with a metal plate or roll under
heating.

The openings for via holes are formed by a process which
comprises exposing the resin composition layer for prepa-
ration of roughened surface imagewise to ultraviolet or other
light and developing. For exposure and development, a
photomask (preferably a glass substrate) marked with a
pattern of black dots 1n the areas corresponding to said
openings for via holes 1s placed with 1ts patterned side 1n
intimate contact with the roughened surface-forming resin
composition layer and, in this state, exposure and develop-
ment are carried out.

(4) Then, the roughened surface-forming resin composition
layer 1s cured to provide an interlayer resin insulating laver,
which 1s then roughened.

The roughening treatment comprises removing said at
least one soluble substance selected from the group consist-
ing of an 1norganic powder, a resin powder, a metal powder,
a rubber powder, a liquid resin and a liquid rubber, which
exists on the surface of said interlayer resin insulating layer
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with a roughening solution such as said acid, oxidizing agent
or alkali. The depth of roughening 1s preferably about 1~5

L.

(5) Then, a catalyst nucleus 1s applied to the circuit board
comprising the roughened interlayer resin insulating layer.

This application of a catalyst nucleus is preferably carried
out using a noble metal 1on or a noble metal colloid.
Generally, palladium chloride or colloidal palladium 1s used.
A heat treatment 1s preferably carried out for immobilizing,
the catalyst nucleus. The preferred catalyst nucleus 1s pal-
ladium.

(6) Then, an electroless plating metal 1s deposited all over
the roughened surface. As the electroless plating solution,
the above-described electroless plating solution according to
the second group of the present invention 1s employed.

With regard to the plating bath formula, a preferred
example 1s an aqueous solution contaimng N1SO,, (0.001 to
0.003 mol/L), copper sulfate (0.02 to 04 mol/L), tartaric acid
(0.08 to 0.15 mol/L), sodium hydroxide (0.03 to 0.08 mol/L)
and 37% formaldehyde (0.03 to 0.06 mol/L). The thickness
of the electroless metal deposit 1s preferably 0.1 to 5 um,
more preferably 0.5 to 3 um.

(7) Then, a photosensitive resin film (dry film) 1s laminated
onto the electroless plated metal layer and a photomask
(preferably a glass substrate) marked with a plating resist
pattern 1s set i 1ntimate contact with the photosensitive
resin film. Thereafter, exposure and development are carried
out to form a plating resist pattern.

(8) Then, the resist-iree surface 1s electroplated to form the
conductor circuit and via holes.

As the above-mentioned electroplating, copper electro-
plating 1s preferred to use and the plating thickness 1s
preferably 1 to 20 um.

(9) After removal of the plating resist, the electroless plated
metal deposit 1s removed using an etching solution contain-
ing sulfuric acid-hydrogen peroxide mixture, sodium per-
sulfate, ammonium persulfate, ferric chloride or cupric
chlonide to provide an 1solated conductor circuit. Since the
palladium catalyst nucleus 1s simultaneously removed by
said etching, 1t 1s not particularly necessary to remove the
palladium catalyst nucleus using chromic acid or the like.

(10) Then, the surface of the conductor circuit 1s provided
with a roughened layer or roughened surface.

Formation of said roughened layer or roughened surface
1s carried out by the procedure described above 1n (1).

(11) Then, using said resin composition for preparation of
roughened surface, an interlayer resin insulating layer 1s
formed on the above substrate board in the same manner as
described above.

(12) Then, the steps (3) to (10) are repeated to form an
upper-layer conductor circuit and, then, planar conductor
pads to serve as solder pads, via holes, etc. are formed.
Finally, a solder resist layer and solder bumps are formed to
complete the manufacture of a printed circuit board. While
the above description pertains to the semi-additive process,
the full-additive process may likewise be used.

The first invention of the third group i1s concerned with a
process for manufacturing a multilayer printed circuit board
comprising at least the following steps (1) to (5).
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(1) A step for thinming the copper foil of a copper-clad
laminate by etching

(2) A step for piercing through holes in said copper-clad
laminate

(3) A step for forming plated-through holes in the resulting
holes by plating said copper-clad laminate

(4) A step for constructing a conductor circuit by pattern-
etching the copper fo1l and plated metal layer on the surface
of said copper-clad laminate

(5) A step for building up an interlayer resin insulating layer
and a conductor layer in an alternate fashion over said
conductor circuit.

The second ivention of the third group 1s concerned with
a process for manufacturing a multilayer printed circuit
board comprising at least the following steps (1) through (7).

(1) A step for thinming the copper foil of a copper-clad
laminate board by etching

(2) A step for piercing through holes i said copper-clad
laminate board

(3) A step for depositing a conductor layer on said copper-
clad laminate board

(4) A step for disposing a resist over the area other than the
conductor circuit-forming and the area of plated-through

hole

(5) A step for forming a conductor circuit and plated-through
holes by plating the resist-free area

(6) A step for stripping the resist off and etching the
conductor film and copper foil underneath the resist

(7) A step for building up an interlayer resin insulating layer
and a conductor layer in an alternate fashion over said
conductor circuit.

In the above process for manufacturing a multilayer
printed circuit board, the step of piercing through holes in
said copper-clad laminate can be carried out using a laser or
a dnll.

In the step of thinning the copper foil of said copper-clad
laminate board by etching 1n the first and second inventions
of the third group, the thickness of copper foil i1s reduced
preferably to 1 to 10 um, more preferably 2 to 7 um.

The third invention of the third group 1s concerned with
a multilayer printed circuit board comprising a core board
having a conductor circuit and, as disposed on said conduc-
tor circuit, a buildup wiring layers obtainable by building up
an interlayer resin insulating layer and a conductor layer
alternately, with via holes interconnecting the conductor
layers, which has technical properties that the thickness of
the conductor circuit on the core board 1s restricted to a
maximum ol 10 um over the thickness of the conductor layer
on the than 7 um.

It 1s also preferable that the above-mentioned interlayer
resin 1nsulating layer.

Preferably the thickness of the conductor circuit on said
core board i1s not greater by more that said core board
comprises a copper-clad laminate and that the conductor
circuit on the core board comprises the copper foil of said
copper laminate and a plated metal layer.

The fourth invention of the third group 1s concerned with
a process for manufacturing a multilayer printed circuit
board which comprises thinming the copper fo1l of a copper-
clad laminate by etching, pattern-etching the copper foil of
said copper-clad laminate board to form a conductor circuit,
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and building up an interlayer resin insulating layer and a
conductor layer in an alternate fashion over said conductor
circuit, wherein the thickness of the conductor circuit on said
core board is restricted to a maximum of 10 um 1n excess
over the thickness of the conductor layer on the interlayer
resin 1nsulating layer.

In the process for manufacturing a multilayer printed
circuit board according to the first invention of the third
group, the thickness of the copper foil of a copper-clad
laminate 1s reduced by etching. Then, plating 1s performed
to form plated-through holes. In this step, a plated metal film
1s formed on the copper foil. The copper foil carrying this
plated metal film 1s pattern-etched to construct a conductor
circuit. Since the copper 1o1l has been reduced in thickness
in advance, the combined thickness of the copper foil and
plated metal film to constitute a conductor circuit 1s small so
that a fine-line circuit can be formed by pattern etching.

Furthermore, while interlayer resin nsulating layers and
conductor layers are built up in alternate succession on the
copper-clad laminate forming said conductor circuit, the
combined thickness of the copper fo1l and plated metal film
tforming said conductor circuit will not be small and much
different from the thickness of the conductor layer on the
interlayer resin msulating layer so that an impedance align-
ment can be obtained between said conductor circuit on core
board and the conductor layer on the interlayer resin insu-
lating layer. As a result, high-frequency characteristic of the
multilayer printed circuit board can be improved.

In the process for manufacturing a multilayer printed
circuit board according to said second invention of the third
group, which comprises thinning the copper fo1l of a copper-
clad laminate by etching, forming a uniform conductor film
thereon, plating the resist-iree area to construct a conductor
circuit, stripping the resist ofl and etching the conductor film
and copper 1o1l under the resist, the copper foi1l 1s thinned by
ctching in the first place so that the combined thickness of
conductor film and copper 101l 1s reduced, contributing to the
implementation of an elaborate circuit pattern.

Furthermore, while an interlayer resin insulating layer and
a conductor layer are thus built up alternately on a copper-
clad laminate formed with said conductor circuit, the com-
bined thickness of the copper foil and plated metal film
forming said conductor circuit has been reduced and 1s not
much different from the conductor layer on the interlayer
resin 1nsulating layer, with the result that an impedance
alignment 1s obtained between the conductor circuit on the
core board and the conductor layer on the interlayer resin
insulating layer, thus contributing an improved high-fre-
quency characteristic of the multilayer printed circuit board.

In the above step of piercing through holes 1n said
copper-clad laminate, when piercing through holes by
means of a laser beam, for mstance, to thin the copper foil
by etching in advance suppresses the conduction of laser
light as a thermal energy through the copper foil, so that the
through holes can be easily pierced by a laser beam.

In the case of piercing through holes with a drll, through
holes can also be easily pierced 1n the copper-clad laminate.

In the above step of thinning the copper foil of the
copper-clad laminate by etching, controlling the thickness of
the copper foil within the range of 1 to 10 um leads to a
reduced combined thickness of the copper foil and plated
metal film constituting the conductor circuit so that an
claborate circuit can be formed by pattern etching. More-
over, since the differential in thickness between the conduc-
tor circuit on core board and the conductor layer on the
interlayer resin msulating layer can be set small, the imped-
ances of both layers can be easily aligned.
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The optimum copper foil thickness 1s 2 to 7 um. Gener-
ally, a resin filler 1s filled 1n between the conductor circuits
formed on the surface of a core board so as to prepare a flat
surface and, then, an interlayer resin insulating layer 1s
formed thereon but, 1n accordance with this invention, the
interlayer resin insulating layer naturally assumes a flat
surface 1n sole dependence on the inherent levelling function
of the interlayer resin msulating layer.

Furthermore, the core board may have been provided with
plated-through holes. In the second invention among mven-
tions of the third group, the difference between the thickness
of the plated-through hole conductor and the thickness of the
conductor circuit on the mterlayer resin insulating layer 1s so
small that an impedance alignment between the two con-
ductors can be more easily attained.

In the multilayer printed circuit board according to the
third invention of the third group, the thickness of the
conductor circuit on the core board 1s restricted to a maxi-
mum of 10 um 1n excess of the thickness of the conductor
layer on the interlayer resin insulating layer. Since the
thickness of the former 1s not much different from and the
conductor layer on the interlayer resin insulating layer, an
impedance alignment can be easily attained between the
conductor circuit on the core board and the conductor layer
on the interlayer resin insulating layer, with the result that
the high-frequency characteristic of the multilayer printed
circuit board can be improved.

It 1s preferable that the thickness of the conductor circuit
on the core board be not greater than the conductor layer on
the interlayer resin msulator layer by more than 7 um. It the
thickness difference between the conductor circuit on the
core board and the conductor layer on the interlayer resin
insulating layer 1s too large, a heat cycle-associated stress
may develop to cause cracks 1n the interlayer resin insulating
layer.

The process for manufacturing a multilayer printed circuit
board according to the fourth invention of the third group
comprises thinning the copper o1l of a copper-clad laminate
by etching, pattern-etching the copper foil of the copper-clad
laminate to provide a conductor circuit, and, over this
conductor circuit, building up an interlayer resin insulating
layer and a conductor layer alternately and repeatedly to
provide a multilayer printed circuit board, wherein the
thickness of the conductor circuit on said core board 1s
restricted to a maximum of 10 um over the thickness of the
conductor layer on the interlayer resin insulating layer.

In accordance with this production process, detailed pat-
terning and impedance alignment can be simultaneously
accomplished.

Meanwhile, Japanese Kokai Publication He1-2-228877 dis-
closes a process for manufacturing a thin copper-clad sub-
strate board by a 25 to 90% etch of copper foil but this
publication does not describe, or even suggest, the manu-
facture of a multilayer printed circuit board having a mul-
tilayer or structure, nor does 1t address to a problem of an
impedance alignment between the conductor circuit on a
core board and a conductor layer on an interlayer resin
insulating layer, which 1s mentioned 1n this invention of the
third group, thus differentiating itself from this mvention
belonging to the third group.

The copper-clad laminate which can be used in the
inventions of the third group includes various prepregs such
as a glass cloth-epoxy resin prepreg, a glass cloth-bismale-
imide-triazine resin prepreg, a glass cloth-fluororesin
prepreg or the like, each claded with copper foil. As the
copper-clad laminate board, both a two-side copper-clad
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laminate and a one-side copper-clad laminate can be used
and a two-side copper-clad laminate 1s most preferred.

Adjustment of the thickness of copper 1o1l 1s effected by
ctching. The specific technique which can be used includes
chemical etching with an aqueous sulfuric acid-hydrogen
peroxide solution or an aqueous solution of ammonium
persuliate, cupric chloride or ferric chloride or physical
etching such as 1on beam etching.

In the 1nventions belonging to the third group, the etching
rate 1s preferably 0.001 to 10 um/min., particularly 0.01 to
0.3 um/min. If the etching rate 1s too fast, thickness control
will be dificult and a variation in thickness will be large.
Conversely, an excessively slow etching speed will not be
practically acceptable.

The etching temperature 1s preferably 20 to 80° C. The
cetching can be eflected by whichever of spraying and
dipping.

The optimum vanation in the etch-reduced thickness of
copper foil 1s not greater than 1.0 um.

The thickness of said copper-clad laminate 1s preferably
0.5 to 1.0 mm. If the laminate 1s too thick, it cannot be neatly
pierced, and 1f 1t 1s too thin, warpage tends to take place.

The laser for use in the formation of through holes 1n the
inventions of the third group 1s preferably a short-pulse
carbon dioxide laser with an output of 20 to 40 mJ and a
pulse duration of 10~ to 10™° seconds. The number of shots
may be 5 to 100 shots.

When plated-through holes are formed by metallizing the
inner walls of through holes using an electroplating, elec-
troless plating, sputtering or vapor deposition technique, too,
a filler may be filled 1nto the plated-through holes.

The metallized mnner walls of plated-through holes may be
roughened.

When the mner walls of plated-through-holes are metal-
lized, the thickness of the copper foil and the metal layer
(e.g. electroless plated metal layer) 1s preferably 10 to 30
L.
As the filler, fillers comprising bisphenol F epoxy resin
and 1norganic particulate fillers such as silica, alumina, etc.,
and those comprising particulate metal and particulate resin
and the like can be used.

The substrate board thus formed with plated-through
holes 1s then provided with a conductor circuit. The con-
ductor circuit 1s formed by an etching technique.

The surface of the conductor circuit 1s preferably rough-
ened for improved adhesion.

Then, an interlayer resin insulating layer comprising
insulating resin 1s constructed.

As the msulating resin which can be used for the forma-
tion of said interlayer resin insulating layer, the same resins
as those mentioned for the inventions of the first group can
be used.

In the inventions of the third group, the interlayer resin
insulating layer may comprise an adhesive for electroless
plating use. The surface of the insulating resin layer can be
roughened by, for example, incorporating a powder soluble
in an acid or oxidizing agent in the heat-resistant resin 1n
advance which 1s hardly soluble 1in the acid or oxidizing
agent and dissolving the powder with the acid or oxidizing
agent.

The heat-resistant resin powder mentioned above includes
powders of various amino resins (melamine resin, urea resin,
guanamine resin, etc.), epoxy resins (the optimum resin 1s a
bisphenol epoxy resin cured with an amine series curing
agent), bismaleimide-triazine resin and other heat-resistant
resins.
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Where necessary, such an adhesive for electroless plating
use may be supplemented with a cured heat-resistant resin
powder, an 1norganic powder and/or a fibrous filler.

The heat-resistant resin powder mentioned above 1s prei-
crably at least one member selected from the group consist-
ing of (1) a heat-resistant resin powder having an average
particle diameter of not more than 10 um, (2) a flocculated
particle derived from heat-resistant resin particles having an
average diameter of not more than 2 um, (3) a mixture of a
heat-resistant resin powder having an average particle diam-
cter of 2 to 10 um and a heat-resistant resin powder having
an average particle diameter of less than 2 uM, (4) a
pseudo-powder comprising a heat-resistant resin powder
having an average diameter of 2 to 10 um and, as adhered
to the surface thereon, at least one member selected from the
group consisting of a heat-resistant resin powder or 1nor-
ganic powder having an average particle diameter of not
more than 2 um, (5) a mixture of a heat-resistant resin
powder having an average particle diameter of more than 0.8
um but less than 2.0 um and a heat-resistant resin powder
having an average particle diameter of 0.1 to 0.8 um and (6)
a heat-resistant powder having an average particle diameter
of 0.1 to 1.0 um. This 1s because those powders are capable
of providing the more complex roughened surtace.

The interlayer resin insulating layer can be formed with
openings by means of a laser beam or by actinic light
exposure and development.

Then, a catalyst for electroless plating use, such as a Pd
catalyst, 1s applied and the interior of the openings for via
holes 1s plated to form the required via holes and, in
addition, a conductor circuit 1s formed on the surtace of the
insulating resin layer. After an electroless plated metal film
1s Tormed on the mner walls of the openings and all over the
surface of the insulating resin layer, a plating resist 1s
disposed and electroplating 1s carried out, the plating resist
1s then stripped ofl and a conductor circuit 1s formed by
etching.

-

The fourth group of the present invention 1s concerned
with a technology for manufacturing a multilayer printed
circuit board which comprises forming an interlayer insu-
lating layer on a substrate board carrying a bottom-layer
conductor circuit, piercing openings 1n said interlayer insu-
lating layer, imparting electrical conductivity to the surface
of said interlayer insulating layer and inner walls of open-
ings, {illing up the openings by electroplating to provide via
holes, and then forming an upper-layer conductor circuit,
wherein said electroplating 1s performed using a plating
solution comprising an aqueous solution containing 0.1 to
1.5 mmol/L of at least one additive selected from the group
consisting of a thiourea, a cyanide and a polyalkylene oxide
and a metal 10n species.

In the above process for manufacturing a multilayer
printed circuit board, an aqueous solution containing 0.1 to
1.5 mmol/L of at least one additive selected from the group
consisting of thioureas, cyamdes and polyalkylene oxides
and a metal 10n species 1s used as the electroplating solution.

i

The above-mentioned additive for incorporation in the
clectroplating solution 1s by nature ready to be adsorbed on
the surface of conductive substances such as metals. There-
fore, the additive 1s deposited on the surface of the interlayer

insulating layer and the imner walls of the openings, which
have been made conductive 1n advance.

However, since the rate of deposition of said additive
depends on the rate of diffusion, the deposition does not take
place at a uniform rate but rather the additive 1s adhered to
more readily on the conductivity-imparted surface of the
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interlayer insulating layer (the lands of via holes and the
wiring), not adsorbing into the openings.

The deposited additive acts as a plating inhibitor to
interfere with the deposition by electroplating. Therefore,
the metal 10n 1s preferentially precipitated 1n the openings
for via holes 1n the course of electroplating, while the 1on 1s
harder to be deposited on the conductivity-imparted surface
of the nsulating layer. As a result, whereas the interiors of
openings for via holes are filled up with the metal deposit,
the thickness of the conductor circuit-forming metal {ilm on
the surface of the insulating layer i1s not increased as much.
Thus, the filling of openings for via holes with the plating
metal and the formation of a circuit board are concurrently
achieved.

As the additive mentioned above, at least one member
selected from the group consisting of thioureas, cyanides
and polyalkylene oxides can be employed.

The thiourea mentioned above is preferably at least one
compound selected from the group consisting of thiocarba-
mide (which 1s also known generally as thiourea) and
1sothiourea.

The cyanide mentioned above 1s preferably an alkali
metal cyanide. The alkali metal cyanide includes sodium
cyanide and potassium cyanide.

The preferred species of said polyalkylene oxide 1s poly-
ethylene glycol.

In the invention of the fourth group, those additives can
be used each independently or 1n a combination of two or
more species.

The concentration of said additive 1s 0.1 to 1.5 mmol/L.

If the amount of the additive 1s less than 0.1 mmol/L, the
additive will not be deposited on the inner walls of openings
for via holes at all so that the metal ion precipitates out 1n
excess 1n the interior of the openings for via holes causing
an excess blister of the deposited metal from the openings,
while the metal ion will not precipitate appreciably on the
conductor circuit. If the amount of the additive exceeds 1.5
mmol/L, the additive will be deposited as much on the
interior of openings for via holes as on the conductivity-
imparted surface of the insulating layer, with the result that
the openings cannot be filled up with the plating metal.

Particularly when a thiourea 1s used as the additive, its
concentration 1s preferably 0.3 to 0.5 mmol/L, for in this
range the openings for via holes will present with a flat
smooth surface.

The metal 1on species to be mcorporated 1n the electro-
plating solution for use 1n this invention of the fourth group
includes copper 10n, mickel 10n, cobalt 10n, tin 1on and gold
101.

As the copper plating solution, an aqueous solution con-
taining copper sulfate and sulfuric acid 1s preferably used.
The preferred nickel plating solution 1s an aqueous solution
containing either nickel sulfate or nickel chloride and boric
acid. The cobalt plating solution 1s preferably an aqueous
solution containing either cobalt chloride or basic cobalt
carbonate and hypophosphorous acid. The tin plating solu-
tion 1s preferably an aqueous solution of tin chlonide. The
gold plating solution 1s preferably an aqueous solution
containing gold chloride or gold-potasstum cyanide.

The electroplating solution mentioned above may be
thickened by adding glycerin, polyethylene glycol, cellu-
lose, chitosan or the like. Thickening results in retarded
diffusion of the additive so that a defimite difference can be
casily established 1n the deposition amount of the additive
between the opening for a vial hole and the surface of the
insulating layer and, hence, it 1s easier to fill up the openings
for via holes with the plating metal.
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Thus, by the process for manufacturing a multilayer
printed circuit board according to this invention of the fourth
group, the filling of via holes and the formation of a
conductor circuit can be concurrently accomplished by using
at least one additive selected from the group consisting of
thiourea, cyanides and polyalkylene oxides as a plating
inhibitor.

As prior art, Japanese Kokai Publication Sho-57-116799
discloses a technology wherein electroplating and acid
cleaning are performed 1n a thiourea-containing aqueous
solution of sulfuric acid. Japanese Patent Publication Sho-
62-8514 discloses a technology for pattern plating with a
thiourea-containing copper sulfate plating solution. In addi-
tion, Japanese Kokai Publication Sho-49-3833 discloses a
process for manufacturing a multilayer circuit board wherein
a selective electroless plating 1s performed with thiourea.

However, none of those patent publications describe, or
cven suggest, the feasibility of achieving the concurrent
filling of via holes and the formation of a conductor circuit
by electroplating. Thus, those prior art methods are techni-
cally distinct from the invention of the fourth group.

The process according to this invention of the fourth
group comprises constructing an interlayer isulating layer
on a bottom-layer conductor circuit-carrying substrate
board, piercing openings in this interlayer insulating layer,
imparting electrical conductivity to the surface of said
interlayer insulating layer and inner walls of said openings
and finally performing electroplating.

The preferred opening for a vial hole with which the
interlayer nsulating layer 1s to be provided has an aspect
ratio, 1.¢. the depth/diameter of the opening, of 1/3 to 1/1. IT
the aspect ratio 1s less than 1/3, the opening will be too large
in diameter to {ill up with the plating metal. On the other
hand, 11 the aspect ratio exceeds 1/1, the metal 10ons will be
hard to difluse 1nto the openings, resulting 1n a failure to fill
up with the plating metal.

The diameter of openings for via holes 1s preferably 20 to
100 um. This because 11 100 um 1s exceeded, the metal 10n
may not be supplied in a suflicient amount to fill the via
holes. Conversely, 1f the diameter 1s less than 20 um, the
metal 10n will not be able to diffuse well into the via holes,
thus failing to fill the holes.

The depth of the openings for via holes 1s preferably 10
to 100 um. If the depth 1s less than 10 um, the interlayer
insulation will be too thin. If 1t exceeds 100 um, the metal
ions will not easily diffuse and those may not be supplied 1n
a suilicient amount to fill up with the plating metal.

The means for imparting electrical conductivity to the
surface of said interlayer insulating layer and the inner walls
of openings includes the formation of a metal layer by
clectroless plating, sputtering or vapor deposition.

The metal layer mentioned above 1s preferably comprised
of at least one member selected from the group consisting of
copper, nickel, tin and noble metals.

The thickness of said metal layer 1s preferably 0.1 to 1.0
um. If the thickness 1s less than 0.1 um, electroplating may
not be successtully accomplished. If 1 um 1s exceeded, there
will be cases 1n which the deposited metal cannot be etched
ofl to provide a discrete conductor circuit.

While said electroplating 1s carried out using the electro-
plating solution described hereinbefore, the procedure uses
the conductivity imparted board as cathode and the plating
metal as anode.

The plating metal as anode may be 1n the form of a ball
or a rod, for instance.

The current density is preferably 0.5 to 3 A/dm*. The
rationale is that at a current density of less than 0.5 A/dm”,
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the effect of the additive contained in the plating solution
will be too weak to successfully fill the via holes. If,
conversely, the current density exceeds 3A/dm”, the supply
ol the metal 1on will not catch up with the deposition speed
to cause an uneven electrodeposition, leading to the so-
called “burnt plating”.

The thickness of the conductor circuit after electroplating,
1s preferably 5 to 30 um. If the conductor circuit 1s less than
5 um 1n thickness, the etch-ofl of the thin conductivity-
imparting layer formed for electroplating may result in
climination of the very conductor circuit formed. In order to
form a conductor circuit over 30 um in thickness, the
thickness of the plating resist must be increased, with the
result that a fine conductor circuit pattern cannot be 1mple-
mented.

Incidentally, after the plating of openings for via holes,
intermittent electroplating (constant-voltage pulse plating)
can be formed in a plating solution containing the plating
metal 10n using the conductor circuit-forming surface (sub-
strate surface) as cathode and the plating metal as anode to
provide a thick conductor circuit. The constant-voltage pulse
plating mentioned above 1s outstanding 1n the uniformity of
deposited film thickness and, therefore, makes 1t possible to
provide conductor circuits of uniform thickness capable of
impedance alignment 1n the final multilayer printed circuit
board.

The reason why the uniformity of plating thickness can be
attained by said intermittent electroplating 1s that at the
edges of the substrate surface and 1n the vicinity of openings
for via holes, where the amount of electrodeposition tends to
be large, the metal deposit 1s melted by the spike current
flowing momentarily toward the anode and, conversely, 1n
the center of the substrate surface and within the openings
for via holes, where the amount of electrodeposition tends to
be smaller, the plating metal 1s caused to precipitate out by
the spike current flowing momentarily toward the cathode
just as 1n the remaining area, with the result that a highly
uniform electrodeposition can be achieved.

Moreover, the reason why said intermaittent electroplating
results 1n an increased crystallinity of the plated metal film
1s that every mterruption of voltage application causes a
diffusion of the metal 10n near the interface of the surface
being plated to msure a constant 10n concentration so that a
defect of the crystal lattice hardly occurs i the electrode-
posited metal film.

The process for manufacturing a multilayer printed circuit
board according to the invention of the fourth group 1s now

described.

(1) As the substrate board, an insulating substrate board such
as a resin substrate board or a ceramic substrate board can
be used.

The resin substrate board includes an insulating board
prepared by laminating prepregs made of fibrous sheets
impregnated with a thermosetting resin, a thermoplastic
resin or a complex resin which comprises thermosetting,
resin and thermoplastic resin, or one obtamned by hot-
pressing copper-clad laminate board prepared by laminating,
copper fo1l and such preparegs 1n proper registration.

As the fibrous matrix sheet, glass cloth, aramid cloth or
the like can be used.

Where necessary, plated-through holes may be provided.
The plated-through holes may have been filled with a filler
and/or the plated-through holes may be covered by plating,
1.e. the so-called cover plating.

(2) On the above substrate board, a conductor wiring 1s
formed by a known method, then an interlayer insulating
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layer 1s constructed on the conductor circuit-carrying sub-
strate board, and openings for via holes are formed 1n this
interlayer insulating layer. The openings 1n the interlayer
insulating layer can be formed by exposure and development
treatment or by 1rradiation with laser light.

When the interlayer insulating layer of ceramic material 1s
to be used, a ceramic green sheet 1s formed with openings in
advance and this green sheet 1s laminated.

The material for the interlayer resin insulating layer
includes a thermosetting resin, a thermoplastic resin, or a
resin available on partial photosensitization of a thermoset-
ting resin or a complex resin comprising such resins.

The interlayer insulating layer can be provided by coating
with an uncured resin or by hot-press lamination of an
uncured resin film. As an alternative, an uncured resin film
in which a metal layer, such as copper foil, has been
laminated on one side can be pasted. When such a resin film
1s used, the metal layer in the via hole-forming areas 1is
etched off and, then, openings are formed by 1rradiation with
laser light.

The resin film carrying a metal layer may for example be
a copper foil having resin.

In forming said interlayer insulating layer, an adhesive for
clectroless plating can be utilized. The adhesive for electro-
less plating 1s most preferably a dispersion of a cured
heat-resistant resin powder soluble 1n an acid or oxidizing
agent 1n an uncured heat-resistant resin which 1s hardly
soluble 1n the acid or oxidizing agent. Upon treatment with
the acid or oxidizing agent, the heat-resistant resin powder
1s dissolving and removed to leave a roughened surface
comprising anchors resembling narrow-neck pots.

As said electroless plating adhesive, particularly in regard
of cured heat-resistant resin powder, the same kinds of
adhesives as mentioned hereinbefore for the iventions of
the first group are preferably used. This 1s because, with
those adhesives, the more complex anchors can be produced.

The preferred depth profile of said roughened surface 1s
Rmax=0.01 to 20 um for imsuring a good adhesion to the
conductor circuit. Particularly 1n the semi-additive process,
the range of 0.1 to 5 um 1s recommended because the
clectroless plated metal film can then be removed without
sacrificing the adhesion.

The heat-resistant resin which 1s hardly soluble 1n an acid
or an oxidizing agent, mentioned above, 1s preferably “a
complex resin comprising a thermosetting resin and a ther-
moplastic resin” or “a complex resin comprising a photo-
sensitive resin and a thermoplastic resin”. The former 1s
excellent 1n heat resistance, while the latter enables photo-
lithographic to form openings for via holes.

The optimum thermosetting resin 1s the same resin for use
in the mventions of the first group.

As to the epoxy resin, the same epoxy resin as mentioned
for the inventions of the first group can be used.

The thermoplastic resin mentioned above can also be the
same resin as described for the inventions of the first group.

The preferred blending ratio of the thermosetting resin
(photosensitive resin) to the thermoplastic resin 1s (thermo-

setting resin(photosensitive resin)/thermoplastic resin=)95/5
to 50/50. Within this range, a high degree of toughness can
be expected without compromise 1n heat resistance.

The weight ratio of the above heat-resistant resin powder
to the solid matter of said heat-resistant resin matrix 1s

preferably 5 to 30 weight %, more preferably 10 to 40
weight %.

The heat-resistant resin powder 1s preferably of the same
type as that mentioned for the inventions of the first group.
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(3) Then, on this interlayer insulating layer (on the copper
fo1l of the copper foil having resin, it used, as well),
inclusive of the surface of opemings for via holes, a metal
layer 1s formed to obtain conductivity by electroless plating
or sputtering.

(4) Further, a plating resist 1s disposed thereon. As the
plating resist, a commercial photosensitive dry film or liquid
resist can be used.

After application of the photosensitive dry film or coating
with the liquid resist, exposure with ultraviolet light and
development with an alkaline aqueous solution are sequen-
tially carried out.

(5) The substrate board treated mentioned above 1s then
immersed in said electroplating solution and using the
clectroless plated metal layer as cathode and the plating
metal as anode, direct-current electroplating 1s carried out to
{111 up the openings for via holes and, at the same time, form
an upper-layer conductor circuit.

(6) The plating resist 1s then stripped ofl with a strongly
alkaline aqueous solution and the electroless plated metal
layer 1s etched oil, whereupon said upper-layer conductor
circuit and via holes are provided as a discrete pattern.

The etching solution mentioned above 1s an aqueous
sulfuric acid/hydrogen peroxide solution, an aqueous solu-
tion of ferric chloride or cupric chlonide, or an aqueous
solution of ammonium or other persulfate.

(7) Thereafter, the steps (2) to (6) are repeated where
necessary and finally solder resists and solder bumps are
formed to complete the manufacture of a multilayer printed
circuit board.

The first mnvention of the fifth group i1s concerned with a
multilayer printed circuit board which comprises a buildup
circuit stratum obtainable by building up interlayer resin
insulating layers and conductor layers alternately, with said
conductor layers being interconnected by via holes, as
constructed on both sides of a core board, wherein said via
holes are formed to plug the through holes 1n the plated-
through holes of said core board.

In the above multilayer printed circuit board, the through
holes 1n said plated-through holes are preferably not larger
than 200 um 1n diameter.

The second 1invention of the fifth group 1s concerned with
a process for manufacturing a multilayer printed circuit
board comprising at least the following steps (1) to (4).

(1) A step for piercing through holes not larger than 200 um
in diameter 1n a core substrate board by means of laser light.

(2) A step for plating said through holes to prepare plated-
through holes.

(3) A step for forming an interlayer resin insulating layer
having openings communicating with said plated-through
holes on said core board.

(4) A step for plating said openings 1n said interlayer resin
insulating layer to form via holes in the manner of filling the
through holes 1n said plated-through holes.

In the multilayer printed circuit board according to the
first invention of the fifth group and the process for manu-
facturing a multilayer printed circuit board according to the
second mvention of the fifth group, via holes are formed 1n
the manner of filling the through holes 1n the plated-through
holes formed 1n the core board and as the region 1immedi-
ately over the plated-through hole 1s thus allowed to function
as an 1nternal layer pad, the dead space 1s eliminated.
Moreover, since there 1s no need for wiring the internal layer
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pad for the connection from the plated-through hole to the
via hole, the land configuration of the plated-through hole
can be true-round. As a result, the layout density of plated-
through holes 1n the multilayer core board can be increased,
and because the wires can be consolidated at the same pace
between the multilayer circuit stratum formed on the face
side of the core board and the multilayer circuit stratum
formed on the reverse side, the number of layers can be
minimized by equating the number of layers of the upper-
layer multilayer circuit stratum to the number of layers of the
lower-layer multilayer circuit stratum. Furthermore, since
the via hole 1s disposed immediately over the plated-through
hole, the wiring length can be decreased to increase the
signal transmission speed.

Furthermore, when the through hole 1n the plated-through
hole 1s not larger than 200 um 1n diameter, formation of a via
hole 1n the manner of filling the through hole does not result
in any remarkable increase 1n the size of the via hole so that
the wiring density in the interlayer resin insulating layer
provided with via holes 1s not decreased.

In the first and second inventions of the fifth group, an
adhesive for electroless plating i1s preferably used as said
interlayer resin insulating layer. The optimum electroless
plating adhesive 1s a dispersion of a cured heat-resistant
resin powder soluble 1n an acid or an oxidizing agent in an
uncured heat-resistant resin which 1s hardly soluble 1n the
acid or oxidizing agent.

Upon treatment with the acid or oxidizing agent, the
heat-resistant resin powder 1s dissolved and removed to
leave a roughened surface which comprises anchors resem-
bling narrow-neck pots.

As said electroless plating adhesive, particularly 1n regard
of said cured heat-resistant resin powder, the same kinds of
adhesives as mentioned before for the inventions of the first
group can be used. This 1s because, with those adhesives, the
more complex anchors can be produced.

The preferred depth of said roughened surface 1s
Rmax=0.01 to 20 um for insuring a good adhesion to the
conductor circuit. Particularly 1n the semi-additive process,
the range of 0.1 to 5 um 1s preferred because the electroless
plated metal film can then be removed without sacrificing
the adhesion.

The heat-resistant resin which 1s hardly soluble 1n an acid
or an oxidizing agent, mentioned above, 1s preferably “a
complex resin comprising a thermosetting resin and a ther-
moplastic resin” or “a complex resin comprising a photo-
sensitive resin and a thermoplastic resin”. The former 1s
excellent 1n heat resistance, while the latter enables photo-
lithographic formation of openings for via holes.

The optimum thermosetting resin 1s the same resin as
mentioned hereinbetore for the inventions of the first group.

The thermoplastic resin can be the same resin as men-
tioned hereinbefore for the inventions of the first group.

The preferred blending ratio of the thermosetting resin
(photosensitive resin) to the thermoplastic resin 1s (thermo-

setting resin (photosensitive resin)/thermoplastic resin)
=95/5 to 50/50. Within this range, a high degree of toughness
can be expected without compromise 1n heat resistance.

The weight ratio of the above heat-resistant resin powder
to the solid matter of said heat-resistant resin matrix 1s
preferably 5 to 350 weight %, more preferably 10 to 40
weight %.

The heat-resistant resin powder 1s preferably of the same
type as that mentioned for the inventions of the first group.

The adhesive layer may be comprised of two layers each
having a different composition.
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As the solder resist layer added to the surface of the
multilayer printed circuit board, a variety of resins can be
used. For example, bisphenol A epoxy resin, bisphenol A
epoxXy resin acrylate, novolac epoxy resin, and novolac
epoxy resin acrylate cured with an amine series curing agent
or an 1midazole series curing agent can be mentioned.

Meanwhile, because such a solder resist layer 1s made of
a resin having a rigid skeleton, the layer tends to peel off.
Such peeling of the solder resist layer can be prevented by
providing a reinforcing layer.

Referring to said novolac epoxy resin acrylate, the epoxy
resin obtainable by reacting a phenol novolac or cresol
novolac glycidyl ether with acrylic acid or methacrylic acid,
for instance, can be used.

The mmidazole series curing agent mentioned above 1s
preferably liquid at 25° C. Being a liquid, 1t can be uniformly
blended.

The liquid 1imidazole series curing agent includes 1-ben-
zyl-2-methylimidazole (product designation: IB2MZ),
1 -cyanoethyl-2-ethyl-4-methylimidazole (product designa-
tion: 2E4MZ-CN), and 4-methyl-2-ethylimidazole (product
designation: 2E4MZ).

The amount of addition of said imidazole series curing
agent 1s preferably 1 to 10 weight % based on the total solid
matter of said solder resist composition. This 1s because,
within the above range, uniform blending can be effected.

As to the pre-cure composition of said solder resist, a
glycol ether series solvent as a solvent 1s preferably used.

The solder resist layer formed from such a composition
does not generate free acids so that the copper pad surface
1s not oxidized. Moreover, the risk for health hazards 1s low.

The glycol ether series solvent mentioned above 1s a
solvent having the following chemical formula (3) and 1s
preferably at least one member selected from the group
consisting of diethylene glycol dimethyl ether (DMDG) and
triethylene glycol dimethyl ether (DMTG).

CH,0—(CH,CH,0),—CH, (n=1 to 5)

(3)

This 1s because those solvents can dissolve the iitiator
benzophenone or Michler’s ketone thoroughly at an elevated
temperature of about 30 to 50° C.

The glycol ether series solvent mentioned above 1s used
preferably 1in a proportion of 10 to 70 wt. % based on the
total weight of the solder resist composition.

The solder resist composition described above may be
supplemented with various antifoams, leveling agents, ther-
mosetting resins for improving heat resistance and alkali
resistance or 1mparting flexibility, and/or photosensitive
monomers for improving image resolution.

For example, the preferred leveling agent 1s an acrylic
ester polymer. The preferred initiator includes Ciba-Gei-
gey’s Irgacure 1907, and the preferred photosensitizer
includes Nippon Kayakuls DETX-S.

The solder resist composition may be further supple-
mented with a dye or pigment. This 1s because the wiring
pattern can be masked. As such a dye, phthalocyanine blue
1s preferred.

The thermosetting resin mentioned above as an additive
includes bisphenol epoxy resin. The bisphenol epoxy resin
includes bisphenol A epoxy resin and bisphenol F epoxy
resin. The former 1s preferred when alkali resistance 1s an
important parameter, while the latter 1s preferred when
viscosity reduction 1s required (when coatability 1s an 1mpor-
tant consideration).

The photosensitive monomer mentioned above as an
additive component includes polyfunctional acrylic mono-
mers. This 1s because such polyfunctional acrylic monomers
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contribute to improving image resolution. As such polytunc-
tional acrylic monomers, Nippon Kayakuls DPE-6A and
Kyoeisha Kagakuls R-604 can be mentioned by way of
example.

The wviscosity of such a solder resist composition 1s
preferably 0.5 to 10 Pa-s at 25° C., more preferably 1 to 10
Pa-s. Within this viscosity range, the composition can be
casily applied with a roll coater.

The first invention among mventions of the sixth group 1s
concerned with a multilayer printed circuit board comprising
a buildup wiring layers obtainable by building up an inter-
layer resin insulating layer and a conductor layer alternately,
with each conductor layers being interconnected by wvia

holes, as constructed on both sides of a core board,

wherein lower-layer via holes are disposed immediately
over the plated-through holes formed 1n said core substrate,
with upper-layer via holes being disposed immediately over
said lower-layer via holes.

The second 1invention of the sixth group 1s concerned with
a multilayer printed circuit board comprising buildup wiring
statum obtainable by building up an interlayer resin insu-
lating layer and a conductor layer alternately, with each
conductor layers being interconnected by via holes, as
constructed on both sides of a core board wherein said core
board has plated-through holes filled up with a filler and a
conductor layer covering the surface of said filler which 1s
exposed from the plated-through holes having lower-layer
via holes, with upper-layer via holes being disposed just
above said lower-layer via holes.

The third 1invention of the sixth group 1s concerned with
a multilayer printed circuit comprising a buildup wiring
layers obtainable by building up an interlayer resin insulat-
ing layer and a conductor layer alternately, with the con-
ductor layers being interconnected by wvia holes, as con-
structed on both sides of a core board, wherein lower-layer
via holes are disposed to plug the through holes 1n the plated
through-holes formed 1n said core board, with upper-layer
via holes being disposed just above said lower-layer via
holes.

In the above multilayer printed circuit boards, bumps are
preferably located just above the plated-through holes.

Furthermore, in those multilayer printed circuit boards,
the structure 1 which said lower-layer via holes are filled
with a metal 1s preferred.

Moreover, when the multilayer printed circuit boards
contain no metal filler, the recesses 1n said lower-layer via
holes are preferably filled with a conductive paste or resin.

In the multilayer printed circuit board according to the
first invention of the sixth group, wherein lower-layer via
holes are disposed just above plated-through holes and
upper-layer via holes are disposed just above said lower-
layer via holes, the plated-through hole, lower-layer via hole
and upper-layer via hole are lined up so that the wiring
length 1s reduced and, hence, the signal transmissions speed
1s high.

The multilayer printed circuit board according to the
second 1nvention of the sixth group 1s characterized in that
the plated-through holes 1n the core board are filled with a
filler and the surface of the filler which 1s exposed from the
plated-through hole 1s covered with a conductor layer so that
the buildup circuit 1s connected to the plated- through holes
through contact of said conductor layer with the via holes.
Thus, as the region just above the plated-through hole is
used to function as an internal layer pad, lower-layer via
holes can be disposed immediately over the plated-through
holes. Moreover, as the upper-layer via hole 1s disposed just
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over the lower-layer via hole, the plated-through hole,
lower-layer via hole and upper-layer via hole are lined up so
that the wiring length 1s reduced and the signal transmission
speed 1s 1increased.

In the multilayer printed circuit board according to the
first invention of the sixth group, lower-layer via holes are
disposed 1n the manner of plugging the through holes of
plated-through holes formed in the core board to connect
between the lands of the plated-through holes with the via
holes. Moreover, as the upper-layer via hole 1s disposed
immediately over the lower-layer via hole, the plated-
through hole, lower-layer via hole and upper-layer via hole
are brought into registration, with the result that the neces-
sary wiring length 1s reduced and the signal transmission
speed 15 1ncreased.

Furthermore, when the lower-layer via hole 1s disposed
immediately over the plated-through hole, the upper-layer
via hole can be disposed immediately over said lower-layer
via hole, and the bump 1s disposed immediately over said
plated-through hole, the plated-through hole, lower-layer via
hole, upper-layer via hole and bump are arranged in perfect
registry so that the wiring length 1s reduced and the signal
transmission speed can be increased.

In the multilayer printed circuit board according to the
sixth group of the present invention, an electroless plating
adhesive 1s preferably used as the interlayer resin insulating
layer. The optimum electroless plating adhesive 1s a disper-
s1on of a cured, heat-resistant resin powder which 1s soluble
in acid or oxidizing agent in an uncured, heat-resistant resin
matrix which 1s hardly soluble 1n acid or oxidizing agent.

Upon treatment with an acid or an oxidizing agent, the
heat-resistant resin powder 1s dissolved and removed to
leave a roughened surface comprising anchors resembling
narrow-necked pots.

Referring to the above electroless plating adhesive, the
cured heat-resistant resin powder, 1n particular, 1s preferably
the same powder as that mentioned for use 1n the inventions
of the first group. Such a powder forms the more complex
anchors.

The depth of the roughened surface 1s preferably
Rmax=0.01 to 20 um for insuring good adhesion. Particu-
larly 1n the semi-additive process, the range of 0.1 to 5 um
1s preferred. This 1s because the electroless plated metal film
may be removed without adversely aflecting adhesion.

The heat-resistant resin which 1s hardly soluble 1n acid or
ox1dizing agent mentioned above 1s preferably “resin com-
plex comprising a thermosetting resin and thermoplastic
resin” or a “photosensitive resin-thermoplastic resin com-
plex”. This 1s because the former 1s highly heat-resistant,
while the latter has the advantage that openings for via holes
can be formed by photolithography.

As said thermosetting resin, the resin mentioned for use 1n
the inventions of the first group 1s preferably used.

As said thermoplastic resin, the resin mentioned for use 1n
the inventions of the first group 1s preferably used.

The preferred blending ratio of thermosetting resin (pho-
tosensitive resin) to thermoplastic resin 1s thermosetting,
(photosensitive resin)/thermoplastic resin=95/5 to 30/30.
Within this range, a high degree of toughness can be msured
without compromise 1n heat resistance.

The mixing weight ratio of said heat-resistant resin pow-
der 1s 5 to 50 weight %, preferably 10 to 40 weight %, based
on the solid matter of the heat-resistant resin matrix.

As the heat-resistant resin powder, the resin powder
mentioned for use in the mventions of the first group 1s
preferably used.
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The adhesive layer may comprise two layers of dissimilar
compositions.

As the solder resist layer to be disposed on the surface of
the printed circuit board, the same layer as mentioned for the
inventions of the fifth group can be used.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

The following examples are intended to illustrate the
present invention in further detail and should by no means
be construed as defining the scope of the mvention.

EXAMPLE 1

FIG. 1 (a) to (g) show an exemplary process for fabri-
cating the conductor circuit of the printed circuit board
according to the mvention and FIG. 2 (a) to (e) show an
exemplary process for manufacturing a multilayer printed
circuit board 1n accordance with the mvention.

In constructing the conductor circuit on a printed circuit
board, an insulating substrate 1001 of glass cloth-epoxy
resin or BT material was used as the insulating sheet as
shown 1n FIG. 1 (a).

Then, 35 weight parts of acrylate (25 wt. %) of cresol
novolac epoxy resin (Nippon Kayaku; mol. wt. 2500), 3.15
weight parts of photosensitive monomer (To a Gose1l Co.;
trade mark, Aronix M315), 0.5 weight part of antifoam (Sun
Nopco, S-65), 3.6 weight parts of N-methylpyrrolidone
(NMP), 12 weight parts of polyethersulione (PES), and
epoxy resin powders (Sanyo Kasei; Polymerpol; 1.0 um of
average particle diameter, 7.2 wt. Parts, and 0.5 um of
average particle diameter, 3.09 wt. parts) were mixed
together, and after supply of additional 30 weight parts of
NMP, the mixture was milled in a bead mill. Then, 2 weight
parts of 1imidazole series curing agent (Shikoku Kaser;
product designation 2E4MZ-CN), 2 weight parts of photo-
polymerization nitiator(Ciba-Geigy; Irgacure 1-907), 0.2
weight part of photosensitizer (Nippon Kayaku; DETX-S)
and 1.5 weight parts of NMP were added and the whole
mixture was stirred to give an electroless plating adhesive
composition.

Using a roll coater, this electroless plating adhesive 1013
was coated on the substrate and after 20 minutes of sitting
horizontally, dried at 60° C. for 30 minutes to provide an
clectroless plating adhesive layer 1013 1n a thickness of 35
L.

Both sides of the wiring substrate thus prepared were
irradiated for exposure at 500 mJ/cm® with a ultra-high-
pressure mercury arc lamp and heated at 150° C. for S hours.

The substrate was then immersed 1n chromic acid for 19
minutes to dissolve out epoxy resin particles from the
surface of the adhesive layer. By this procedure, the elec-
troless plating adhesive layer 1013 was provided with a

roughened surface (FIG. 1 (b)).

Under the following conditions, a thin electroless plated
copper layer 1002 was constructed in a thickness of about 1
um (FIG. 1 (¢)). A photosensitive dry film was then super-
imposed on the copper laver and a resist 1003 was formed
by light exposure and development (FIG. 1 (d)).

Electroless copper plating solution:

EDTA
Copper sulfate

150 g/L.
20 g/L.
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HCHO 30 mL/L
NaOH 40 /1.
a,a’-Bipyridyl 80 mg/L
PEG 0.1 g/L

Electroless plating conditions:
Solution temperature: at 70° C., for 30 min.

After a thick copper electrodeposit layer 1004 was thus
formed (FIG. 1 (e)), the resist 1003 was removed by
stripping with aqueous sodium hydroxide solution (FIG. 1
(7). Then, using an aqueous sulfuric acid-hydrogen peroxide

solution, the thin electroless plated copper layer 1002 was
ctched off (FIG. 1 (g)) to provide a conductor circuit 1005.

The process shown 1n FIG. 2(a) to (e) 1s a process for
establishing an electrical connection between two or more
conductor layers 1006a, 100656 (2 layers in the drawing)
which partly comprises piercing openings in the conductor
layer 1006a by etching, forming openings for via holes 1007
within said opening between 1006a and 10065 by laser or
other means (FIG. 2(c¢)), forming a thin electroless plated
metal layer 1008 within said openings 1007 (FIG. 2(d)) and
forming a thick electroplated metal layer 1009 (FIG. 2(e)) to
provide via holes 1010.

First, a resin-copper fo1l laminate 1012 comprising copper
fo1l 1006a, 1.c. as a metal layer, and insulating resin 1011
was hot-pressed against the substrate sheet on which the

conductor circuit 10065 had been formed (FIG. 2 (a)).

Then, openings for via holes were formed by etching with
an aqueous sulfuric acid-hydrogen peroxide solution and the
insulating resin 1011 was removed by means of a carbon
dioxide gas laser, for instance (FIG. 2 (¢)).

Then, electroless copper plating was carried out under the
above-mentioned conditions to deposit an electroless plated
copper layer 1008 within said openings for a via holes.

Thereafter, a plating resist 1003 was disposed and elec-
troplating was carried out to form via holes 1010 and an
clectroplated metal layer 1009.

The outstanding feature of the process for manufacturing,
a printed circuit board according to the first group of the
present invention 1s that the electroplated metal layer 1s
formed by a constant-voltage pulse plating technique.

FIGS. 3 (a) and (b) show the typical voltage and current
wavelorms used 1n the constant-voltage pulse plating pro-
cesses according to the mvention. For reference’s sake, the
voltage and current waveforms of PC plating are shown 1n

FIGS. 8 (a) and () and the voltage and current waveiforms
of PR plating are shown 1n FIGS. 9 (@) and (b).

Those wavelorms were observed with the SS5-5708 syn-
chroscope manufactured by IWATSU. Sony Techtonix
A6303 current probe was used as current probe, Sony

Techtonix A503B as current probe amplifier, and Sony
Techtonix TMS502AWO as power supply.

Comparison of the voltage and current waveforms shown
in FIGS. 3 (a), (b), FIGS. 8 (a), (b), and FIGS. 9 (a), (b)
reveals that whereas, despite a diflerence 1n the occurrence
of dissolution of the anode due to reverse electrolysis, both
the PR plating techmque and the PC plating technique show
generally square current wavelorms, the novel constant-
voltage pulse plating technique according to the first inven-
tion of the first group showed a current wavetform such that
a spike current tlows momentarily toward the cathode on
voltage application while a spike current flows momentarily
toward the anode on voltage interruption.
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A direct current source (Sansha Denki; DC AUTO Series)
was used as power supply and the voltage application and
interruption were controlled by ON-OFF of a relay using a
digital timer.

Electroplated copper layers were built on 255 mmx340
mm substrate sheets by depositing substantially uniform
amounts ol copper by 4 diflerent electroplating techniques,
namely direct-current plating, PC plating, PR plating and
constant-voltage pulse plating techniques, using a copper
sulfate plating solution containing 180 g/L of sulfuric acid
and 80 g/L. of copper suliate under the conditions respec-
tively indicated below 1n Table 1 to prepare printed circuit
boards. The thickness of the electroplated copper layer of
cach board was measured 1n the central and marginal areas
of substrate and the variation 1n thickness of the electro-
plated copper layer 1n the central and marginal areas of each
board, 1.e. [(maximum thickness-minimum thickness)/aver-
age thickness], was calculated to evaluate the electrodepo-
sition uniformity.

The results of this evaluation are presented in FIG. 4. The
smaller the value 1s, the higher 1s the uniformity of elec-
trodeposition.

TABLE 1
Plating time
Pulse condition Current Plating
OFF density time
ON (reverse) (A/dm?) (sec.)
DC plating -1.8 A — -1.2 52
PC plating -6.0 A 0 A (4 msec.) 6.0 (ON) 52
(1 msec.)
PR plating -1.2 A +3.6 A (2 msec.) 1.2 (ON) 57
(50 msec.)
Constant- -05V 0V (4 msec.) - 52
voltage pulse (1 msec.)
plating

Power supply:
DC plating: Sansha DC AUTO 1520

PC plating: Kikusui Denshi Kogyo, Bipolar PBX20-20
PR plating: Kikusu1 Denshi Kogyo, Bipolar PBX20-20

Constant-voltage pulse plating: Sansha DC AUTO 1520
as DC source.

OMRON solid-state relay (G3WA-D210R) was con-
nected to the output terminal and switched ON and
OFF with OMRON digital timer (H5CL).

It can be seen from the data in FIG. 4 that, of the
above-mentioned four different electroplating techniques,
the constant-voltage pulse plating technique provides the
highest electrodeposition uniformity.

Then, the electroplated copper layer formed on a stainless
steel sheet by the constant-voltage pulse technique was not
annealed but directly subjected to X-ray diffraction analysis

to determine its diffraction pattern. The data are plotted in
FIG. 5. The half-width value was 0.25 deg.

As controls, the electroplated copper layers formed by the
DC, PC and PR plating techniques, respectively, were also

subjected to X-ray diflraction analysis 1n the same manner as

above. The diffraction patterns obtained are shown in Table
2. The respective halt-width values were 0.45 deg., 0.40 deg.
and 0.30 deg.
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TABLE 2
Half-width
Plating process (degrees)
DC plating 0.45
PC plating 0.40
PR plating 0.30
Constant-voltage pulse plating 0.25

Comparison of the data given 1n Table 2 reveals that, of
the above-mentioned four different electroplating tech-
niques, the constant-voltage pulse plating technique pro-
vides the narrowest half-width and, hence, highest crystal-
linity.

It 1s, therefore, clear that a conductor circuit comprising,
an electroplated metal layer of remarkably high crystallinity
and electrodeposition uniformity can be provided by adopt-
ing the constant-voltage pulse plating technique in the
construction of the electroplated metal layer as an essential
requisite 1n the process of the first group of invention.

The plating substrate surface area, the composition of the
constant-voltage pulse plating solution and the plating con-
ditions are not particularly restricted but the following can
be mentioned as preferred typical ranges.

Plating surface size: 255~510 mm Lx255~510 mm W
Plating bath composition

Cu sulfate: 50 to 80 g/L, sulfuric acid: 180 to 240 g/L,
chloride 1on: 40 to 50 ppm, pH<1, bath temperature: room
temp.; anode-to-cathode distance: 10 to 20 cm

plating conditions

Anode: oxygen-iree copper, application voltage: 0.01 to 10
V, voltage application time: =10 sec., preferably 0.5x10
3----5><10'3 sec., interruption time: =107'7 sec., preferably
1x10 ~8><10'3 sec., voltage time/interruption time
rat10=0.01 to 100.

Furthermore, since the electroplated metal layer accord-
ing to the process of this mvention 1s of high crystallinity
and features a low internal residual stress, 1t can be used as
it 1s to mnsure highly dependable circuits and connections and
the annealing for decreasing stress may be omitted.

EXAMPLE 2

The following 1s an example of application of this inven-
tion to the manufacture of a CMOS IC chip.

An IC waler was fabricated by the well-known MOS
waler production technology, for example by the process
described 1n LSI Process Engineering, pp. 22 to 23 [Pub-
lished by Ohm-sha, K. K., Jun. 20, 1987] [FIG. 10 (a)].

The whole surface of a substrate was subjected to Cu
sputtering to provide a Cu layer 1014 1n a thickness of 0.6
um (FIG. 10 (b)). Cu sputtering can be carried out using a
vacuum sputtering equipment (Tokuda Seisakusho; CFS-
SEP).

Then, using a spin coater, a negative photoresist (Tokyo
Auka Kogyo; OMRR83) was coated on the Cu layer 1014,
tollowed by drying. Thereatfter, prebaking, exposure, devel-
opment and postbaking were performed in succession to
provide a plating resist 1015 (4 um thick, L/S=20/20 um).
Then, the sheet was immersed in 10% aqueous solution of
sulfuric acid for surface activation and constant-voltage
pulse copper electroplating was performed under the con-
ditions described above (FIG. 10 (¢)).

The plating resist 1015 was removed with aqueous
sodium hydroxide solution and the exposed copper film
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1016 was dissolved and removed with aqueous sulfuric
acid-hydrogen peroxide solution to provide a CMOS IC
(FI1G. 10 (d)).

EXAMPLE 3

A. Preparation of a Resin Composition for Forming Rough-
ened Surface

Mixing 34 weight parts of the resin solution dissolving
25% acrylate of a cresol novolac epoxy resin (Nippon
Kayaku, mol. wt. 2500) in diethylene glycol dimethyl ether
(DMDG), and, 2 weight parts of imidazole curing agent
(Shikoku Kase1; 2E4MZ-CN), 4 weight parts of the photo-
sensitive monomer caprolactone-modified tris (acryloxyl-
cthyl) 1socyanurate (To a Goser; trade mark, Aronix M325),
2 weight parts of the photopolymerization initiator ben-
zophenone (Kanto Chemical), 0.2 weight part of the pho-
tosensitizer Michler’s ketone (Kanto Chemical), 10 weight
parts of photosensitive monomer (Nippon Kayaku;
KAYAMER PM-21), and epoxy resin powders (Sanyo
Kasei, trade mark, Polymerpole; average particle diameter
1.0 um, 15 weight parts and average particle diameter 0.5
um, 10 weight parts), and with addition of 30.0 weight parts
of N-methylpyrrolidone (NMP), the mixture was adjusted to
a viscosity of 7 Pa-s using a homodisper and further com-
pounded with a 3-roll calender to provide a photosensitive
resin composition for forming a roughened surface (for an
interlayer resin nsulating layer).

B. A Process for Manufacturing a Printed Circuit Board

(1) A copper-clad laminate prepared by laminating a 18
um-thick copper foi1l 2008 to both sides of a 0.6 mm-thick
substrate 2001 comprising glass epoxy resin or BT (bisma-
leimide triazine) was used as a starting material (FIG. 11
(a)). First, this copper-clad laminate was drilled, electroless
plated, and pattern-etched to provide a lower-layer conduc-
tor circuit 2004 and plated-through holes 2009 on both sides
ol the substrate 2001.

(2) The substrate board thus formed with plated-through
holes 2009 and a lower-layer conductor circuit 2004 was
rinsed, dried and subjected to blackening using an aqueous
solution containing NaOH (10 g/L.), NaClO, (40 g/L.) and
Na PO, (16 g/L) as blackening bath (oxidizing bath) and a
reduction treatment using an aqueous solution containing
NaOH (19 g/LL) and NaBH, (5 g/L) as reducing bath to
provide the whole surface of the lower-layer circuit 2004
inclusive of plated-through holes 2009 with roughened
surfaces 2004a and 2009q (FI1G. 11 (b)).

(3) Using a roll coater, a filler 2010 containing bisphenol F
epoxy resin was coated on one side of the substrate to fill the
spaces between the lower-layer conductors 2004 or in the
plated-through holes 2009 and oven-dried. Then, the resin
filler 2010 was similarly filled up 1n the spaces between the
conductors 2004 on the other side or 1n the plated-through

holes 2009 and oven-dried (FIG. 11 (¢)).

(4) One side of the substrate board which had undergone the
above procedure (3) was abraded with a belt sander using
#600 belt sanding paper (Sankyo Rikagaku) to thoroughly
remove the resin filler 2010 from the surface of the inner-
layer copper pattern 2004 and the lands of the plated-
through holes 2009. Then, bulling was carried out to remove
the flaws produced by the above belt-sanding. The above
series of operations was repeated for the other side of the
substrate board.
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Then, the substrate board was heat-treated at 100° C. for
1 hour, 120° C. for 3 hours, 150° C. tfor 1 hour and 180° C.
for 7 hours to cure the resin filler 2010.

Since the surface layer of the resin filler 2010 1n plated-
through holes 2009 and non-conductor circuit-forming area
and the surface of the lower-layer conductor circuit 2004
were thus flattened, the resin filler 2010 was firmly bonded
to the roughened lateral sides 2004a of the lower-layer
conductor circuit 2004 and also to the roughened inner wall
surfaces 20094 of plated-through holes 2009 to provide an
insulating substrate board (FI1G. 11 (d)).

(5) The above substrate board was rinsed with water, acid-
degreased, and soft-etched. Then, both sides of the substrate
board are sprayed with an etching solution to etch the
surface of the lower-layer conductor circuit 2004 and the
land and inner wall surfaces of the plated-through holes
2009, thus forming roughened surfaces 2004a and 2009aq
over the whole surface of the lower-layer conductor circuit
2004 (FIG. 12 (a)). The etching solution used was a mixture
of 10 weight parts of imidazole copper (II) complex, 7

weight parts of glycolic acid, 5 weight parts of potassium
chloride and 78 weight parts of deionized water.

This substrate board was further immersed 1n an electro-
less tin substitution plating bath comprising a tin borofluo-
ride (0.1 mol/L)-thiourea (1.0 mol/L) solution at 50° C. for
1 hour to provide a 0.3 um-thick substitution-plated tin layer
on the surface of the roughened layer. This plated metal layer
1s not shown 1n the drawing.

(6) Using a roll coater, the resin composition for forming
roughened surface prepared by the procedure described
above 1n A was applied on both sides of the substrate board
which had undergone the above treatment (5) and the coated
board was allowed to sit in the horizontal position for 20
minutes and oven-dried at 60° C. for 30 minutes to provide
a 60 um-thick resin composition for forming roughened
surface layer 2002 (FIG. 12 (b)). Then, a polyethylene
terephthalate film was pasted to this resin composition for
forming roughened surface layer 2002 with an addhesive.

(7) A 5 mm-thick soda-lime glass substrate printed with
black circular dots using light-screen ink was superimposed
on both sides of the substrate board 2001 treated with the
resin composition for forming roughened surtace layer 2002
in (6) above, with its printed side in intimate contact with the
substrate board, and exposed to light at 3000 mJ/cm” with an
ultrahigh-pressure mercury arc lamp, followed by spray-
development with DMDG solution to provide wvia hole
openings 2006 having a diameter of 100 um. Then, the
substrate board was heat-treated at 100° C. for 1 hour and
150° C. for 5 hours to provide a 50 um-thick interlayer resin
insulating layer 2002 comprising via hole openings 2006
having a good dimensional tolerance comparable to that of
the photomask (FIG. 12 (¢)). It should be understood that, in
the openings for via holes, the roughened layer was sub-
jected to be partially exposed.

(8) The board formed with via hole openings 2006 was
immersed 1n a chromic acid-containing solution for 2 min-
utes to dissolve and removed epoxy resin particles from the
surface of the interlayer resin insulating layer 2002 to
roughen (to a depth of 5 um) the surface of the interlayer

resin insulating layer 2002 and, then, immersed 1n a neu-
tralizing solution (Shiplay) and rinsed (FIG. 12 (d)).

Then, a palladium catalyst (Atotech) was applied to the
roughened surface of the substrate board to let the catalyst
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nucleus be deposited on the surface of the interlayer resin
isulating layer 2002 and the mmner walls of the via hole
openings 2006.

(9) Then, the substrate board was immersed 1n an aqueous

clectroless copper plating solution of the following compo-
sition to provide a 3 um-thick electroless plated copper film
2012 all over the roughened surface (FIG. 13 (a)).

[Aqueous electroless plating solution]

NiSO, 0.003 mol/L
Tartaric acid 0.20 mol/L
Copper sulfate 0.03 mol/L.
HCHO 0.05 mol/L
NaOH 0.10 mol/L
a, o -Bipyridyl 40 mg/l
Polyethylene glycol (PEG) 0.1 gl

[Electroless plating conditions]

Bath temperature 33° C.

The board which had undergone the above process was
cut longitudinally and the cross-section was examined under
the microscope. FI1G. 16 1s a partially exaggerated schematic

sectional view showing the thickness profile of the electro-
less plated copper film obtained.

As shown 1n FIG. 16, the electroless plated copper film
2012 formed 1n the recesses of the roughened layer of the
interlayer resin insulating layer 2002 1s comparatively less 1n
thickness than the electroless plated copper film 2012
formed in the convex areas of the roughened surface.
Theretfore, the plated metal film 1n the concave areas can
also be thoroughly removed 1n the etching stage described
below.

(10) A commercial photosensitive dry film was bonded on
the electroless plated copper film 2012 by hot-pressing, and
a 5 mm-thick soda-lime glass substrate carrying a chromium
layer 1n a mask pattern for non-plating resist-forming areas
was placed on the photosensitive dry film with 1ts side
carrying said chromium layer 1in intimate contact with the
film, followed by exposure at 100 mJ/cm” and development
with 0.8% sodium carbonate to provide a 15 um-thick

plating resist 2003 (FIG. 13 (b)).

(11) Then, copper electroplating was performed under the

following conditions to provide a 15 um-thick electroplated
copper 11lm 2013 (FIG. 13 (¢)).

[Aqueous electroplating solution]

Sulfuric acid 180 g/L
Copper sulfate 80 g/L
Additive 1 ml/L

totech Japan, Caparaci
A h Japan, Cap d GL
[Electroplating conditions]

Current density 1.2 A/dm?
Time 30 muin.
Temperature Room temperature

(12) After the plating resist 2003 was stripped with 5%
KOH, the electroless plated film 2012 beneath the plating
resist 2003 was etched ofl with a mixture of sulfuric acid and
hydrogen peroxide to provide a 18 um-thick conductor
circuit (inclusive of via holes 2007) 2005 comprising elec-
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troless plated copper film 2012 and eclectroplated plated
copper film 2013 (FIG. 13 (d)).

(13) The above sequence of steps (5) to (12) was repeated to
turther build up an iterlayer resin insulating layer and a
conductor circuit to provide a multilayer printed circuit

board. However, no Sn substitution was performed (FIG. 14
(a) to FIG. 15 (b)).

(14) Then, 46.67 weight parts of a 60 wt. % DMDG solution
ol a photosensitized oligomer (mol. wt. 4000) obtained by
acrylating 50% of the epoxy groups of cresol novolac epoxy
resin (Nippon Kayaku), 6.67 weight parts of a 80 weight %
solution of bisphenol A epoxy resin (Yuka Shell; trade mark,
Epikote 101) 1n methyl ethyl ketone, 6.67 weight parts of a
solution of bisphenol A epoxy resin (Yuka Shell; Epikote
E-1001-B80) in the same solvent, 1.6 weight parts of
imidazole series curing agent (Shikoku Kasei1; product des-
ignation 2E4MZ-CN), 6 weight parts of photosensitive
monomer (Nippon Kavaku; KAYAMER PM-21), 0.36
weight part of polyacrylate-type leveling agent (Kyoeisha
Kagaku, trade mark, Polyflow No. 75) were taken 1n a vessel
and stirred and mixed to prepare a mixed composition. To
this mixed composition, 2.0 weight parts of the photopoly-
merization 1nitiator Irgacure I1-907 (Ciba-Geigey), 0.2
weight part of the photosensitizer DETX-S (Nippon Kay-
aku) and 0.6 weight part of DMDG were added to provide

a solder resist composition adjusted to a viscosity of 1.4+0.3
Pa-s at 25° C.

Viscosity measurement was carried out using a Type B
viscosimeter (Tokyo Keiki; DVL-B) using a rotor No. 4 for
60 rpm and a rotor-No. 3 for 6 rpm.

(15) Then, both sides of the multilayered circuit board were
coated with the above solder resist composition 1n a thick-
ness of 20 um and dried at 70° C. for 20 minutes and 70° C.
for 30 minutes. Thereafter, a 5 mm-thick soda-lime glass
substrate carrying a chromium layer in a mask pattern
corresponding to solder resist openings was placed on the
solder resist layer with 1its side carrying the chromium in
intimate contact with the layer and UV light exposure at
1000 mJ/cm” and development with DMTG solution were
carried out to provide openings having a diameter of 200
L.

Then, the substrate board was further heat-treated at 80°
C. for 1 hour, 100° C. for 1 hour, 120° C. for 1 hour and 150°
C. for 3 hours to cure the solder resist to provide a 20
um-thick solder resist layer 2014 having openings.

(16) Then, the substrate board formed with said solder resist
layer 2014 was immersed in an electroless nickel plating
solution (pH=5) containing nickel chloride (30 g/L.), sodium
hypophosphite (10 g/L) and sodium citrate (10 g/L.) for 20
minutes to provide a 5 um-thick plated nickel layer 10135 in
the openings. This board was then immersed 1n an electro-

less plating solution containing potassium cyanide-gold (2
g/[.), ammomum chloride (75 g/L.), sodium citrate (30 g/L.)

and sodium hypophosphite (10 g/L) at 93° C. for 23 seconds

to form a 0.03 um-thick plated gold layer 2016 on the plated
nickel layer 201S5.

(17) Then, a solder paste was printed 1n the opemings of the
solder resist layer 2014 and caused to reflow at 200° C. to
form solder bumps (solder masses) 2017 and, thus, provide
a multilayer printed circuit board having solder bumps 2017

(FIG. 15 (C)).
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COMPARATIVE

EXAMPLE 1

Using the following electroless plating solution, a multi-
layer printed circuit board was fabricated in otherwise the
same manner as in Example 1.

[Aqueous electroless plating solution]

EDTA 40 g/L
Copper sulfate 10 g/L
HCHO 6 ml/L
NaOH 6 g/L
a, o -Bipyrnidyl 40 mg/L
Polyethylene glycol (PEG) 10 g/L

The printed circuit boards thus fabricated 1n Example 1
and Comparative Example 1 were respectively allowed to sit
in an environment of 121° C., 100% R.H., and 2 atmo-
spheres for 168 hours to see whether the power source plain
conductor layer (other than the mesh pattern) would develop
blistering.

As regards the residual conductor between wirings, the
surface was microscopically examined after completion of
step (12) and evaluated. In addition, the printed circuit board
was cut along the via hole to evaluate the throwing power in
the via hole region. The chromic acid removal of the resin
surface layer between the conductor circuit was not per-
formed.

The results of evaluation are shown below 1n Table 3.

TABLE 3
Incidence Throwing power Residual metal
of in via hole deposit between
blistering Openings conductor wirings
Example 3 No blisters Good No residue
Comparative Blisters Good Residues found
Example 1 found

It will be apparent from Table 3 that the printed circuit
board according to Example 3 shows neither blistering nor
conductor residues and indicates a satisfactory throwing
power.

EXAMPLE 4

The architecture of the multilayer printed circuit board
3010 according to the examples 1s now described with
reference to FIG. 23. The multilayer printed circuit board
3010 comprises a core board 3030, conductor circuits 3034
and 3034 formed on 1ts face and reverse sides, respectively,
and buildup circuit strata 3080A and 3080B formed over
said conductor circuits 3034 and 3034. The buildup strata
3080A and 3080B comprise an interlayer resin insulating
layer 3050 formed with via holes 3060 and a conductor
circuit 3058 and an interlayer resin insulating layer 3150
formed with via holes 3160 and a conductor circuit 3158,
respectively.

Disposed on the top surface of the multilayer printed
circuit board 3010 are solder bumps 3076U for connection

to the lands of IC chips (not shown). Each solder bump
3076U 1s connected to plated-through hole 3036 through via

hole 3160 and via hole 3060.

On the other hand, the underside of the printed circuit
board 3010 1s provided with solder bumps 3076D {for
connection to the lands of daughter boards (not shown). The
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solder bump 3076D 1s connected to plated-through hole
3036 through via hole 3160 and via hole 3060.

In the multilayer printed circuit board 3010 according to
Example 4, the conductor circuit 3034 on the core board
3030 1s formed 1 a thickness (t;;) of 18 um and the
conductor layers 3058 and 3158 on the interlayer resin
insulating layers 3050 and 3150 are formed in a thickness
(t3,) of 18 um. Thus, the thickness of conductor circuit 3034
1s virtually not different from the thickness of conductor
layers 3058 and 3158, so that an impedance alignment is
insured between the conductor circuit 3034 on said core
board 3030 and the conductor layer 3058 or 3158 on the
interlayer resin insulating layer, thus contributing to a sat-
1sfactory high-frequency characteristic.

In the following, a process for the multilayer printed
circuit board 3010 1s explained. First, the recipes for prepa-
ration ol A. electroless plating adhesive, B. interlayer resin
insulating agent, C. resin {filler, and D. solder resist are
explained.

A. Production of Starting Compositions for the Preparation
of an Electroless Plating Adhesive (Upper-Laver Adhesive)

(1) Resin composition (1) was prepared by mixing and
stirring 35 weight parts of resin solution dissolving a 80 wt.
% solution of 25% acrylate of cresol novolac epoxy resin
(Nippon Kayaku; mol. wt. 2500) in DMDG, 3.15 weight
parts of photosensitive monomer (To a Gosel; Aronix
M315), 0.5 weight part of antifoam (Sun Nopco; S-65) and
3.6 weight parts of NMP.

(2) Resin composition (2) was prepared by mixing 12
weight parts of polyethersulione (PES) with epoxy resin
powders (Sanyo Kasei; Polymerpol) (7.2 weight parts of a
powder having an average particle diameter of 1.0 um, and
3.09 weight parts of a powder having an average particle
diameter of 0.5 um), adding 30 weight parts of NMP to the
mixture and agitating the whole mixture to mix 1n a bead
muall.

(3) Curing agent composition (3) was prepared by mixing
and stirring 2 weight parts of 1midazole series curing agent
(Shikoku Kasei1; 2E4MZ-CN), 2 weight parts of photopoly-
merization mitiator (Ciba-Beigy; Irgacure 1-907), 0.2 weight
part of photosensitizer (Nippon Kayaku; DETX-S) and 1.5
weight parts of NMP.

B. Starting Compositions for Preparation of an Interlayer
Resin Insulating Agent (Adhesive for Lower Layer)

(1) Resin composition (1) was prepared by mixing and
stirring 35 weight parts of resin solution dissolving a 80 wt.
% solution of 25% acrylate of cresol novolac epoxy resin
(Nippon Kayaku; mol. et. 2500) in DMDG, 4 weight parts
of photosensitive monomer (To a Gose1; Aronix M315), 0.5

welght part of antifoam (Sun Nopco; S-65) and 3.6 weight
parts of NMP.

(2) Resin composition (2) was prepared by mixing 12
welght parts of polyethersulione (PES) with 14.49 weight
parts of an epoxy resin powder having an average particle
diameter of 0.5 um (Sanyo Kase1; Polymerpole) and adding
30 weight parts of NMP to the mixture, and agitating the
whole mixture to mix 1n a bead mall.

(3) Curing composition (3) was prepared by mixing and
stirring 2 weight parts of 1midazole series curing agent
(Shikoku Kasei; 2E4MZ-CN), 2 weight parts of photopoly-
merization mitiator (Ciba-Geigy; Irgacure 1-907), 0.2 weight
part of photosensitizer (Nippon Kayaku, DETX-S) and 1.5
weight parts of NMP.
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C. Production of Starting Compositions for Preparation of a
Resin Filler

(1) A resin composition was prepared by mixing and stirring,
100 weight parts of bisphenol F epoxy monomer (Yuka
Shell; mol. wet. 310, YLO983U), 170 weight parts of surface-
silanated S10,, beads with an average diameter of 1.6 um
(Adomatic; CRS 1101-CE; the maximum particle size con-
trolled below the thickness (15 um) of the mner-layer copper
pattern to be described below) and 1.5 weight parts of
leveling agent (San Nopco; Levenol S4) and adjusting the
viscosity of the mixture to 45,000 to 49,000 cps at 23x1° C.

(2) Imidazole series curing agent (Shikoku Kasei; 2E4MZ -
CN), 6.5 weight parts.

(3) A resin filler was prepared by mixing mixtures (1) and

D. Preparation of a Solder Resist Composition

A solder resist composition was prepared by mixing 46.67
g of a 60 wt. % solution of a photosensitized oligomer (mol.
wt. 4000) prepared by acrylating 50% of the epoxy groups
ol cresol novolac epoxy resin (Nippon Kayaku) in DMDG,
15.0 g of a 80 wt. % solution of bisphenol A epoxy resin
(Yuka Shell; Epikote 1001) 1n methyl ethyl ketone, 1.6 g of
imidazole series curing agent (Shikoku Kasei; 2E4MZ-CN),
3 g of photosensitive polyfunctional acrylic monomer (Nip-
pon Kayaku, R604), 1.5 g of photosensitive polyfunctional
acrylic monomer (Kyoeisha Chemical; DPE6A) and 0.71 g
of dispersion antifoam (San Nopco; S-65), followed by
addition of 2 g of photopolymerization initiator benzophe-
none (Kanto Chemical) and 0.2 g of photosensitizer
Michler’s ketone (Kanto Chemical). The viscosity of the
resulting mixture was adjusted to 2.0 Pa-s at 25° C.

The process for manufacturing a multilayer printed circuit
board 1s described in the following.

(1) As the starting matenal, a copper-clad laminate 3030A
(Mitsubishi gas, HLL830) laminating a 12 um-thick copper
fo1l 3031 to both sides of a 0.8 mm-thick substrate 3030
having glass-epoxy resin as shown 1 FIG. 17 (A) was used.
Both sides of copper foil 3031 were adjusted to 3 um of

thickness by using etching solution (Mitsubishi gas, SE-07)

(FIG. 17 (B)).

(2) Through holes 3030 were pierced in the substrate 3030
by using a drill having $=0.3 mm. (FIG. 17 (C)). Then, the
desmear treatment was carried out in the 1nner surface of the
substrate 3032 by using potassium permanganate.

(3) The whole substrate board 3030 was treated with acid
catalyst, then 0.1 um of electroless plating layer 3035 was
formed. Then, the copper-electroplating 1s carried out 1n the
current of 1A/dm? via said electroless plated layer 3035 to
prepare the plated layer 3033 of the thickness 1n 15 um (FIG.
17 (D)). As a result, plated-through holes 3036 were formed
in the through holes 3032.

(4) The conductor circuit 3034 was formed by attaching the
dry film resist (ASAHI chemical, Co., AQ4059: not shown)
to the surface of copper-foil 3031 1n the plated film 3033 to

form the pattern 1 L/S=50/50 um, etching with cupric
chloride.

Then, the roughened layers 3038 was formed in the
surface of the conductor circuit (inner layer copper pattern)
3034 and the surface and lateral sides of land 3036a of
plated-through holes 3036 (FIG. 18 (F)). The roughened
layers 3038 were formed by washing the above-mentioned
substrate 3030 with water and dried, sprayed with an etching
solution to both sides thereof, etching the surface of the
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conductor circuit 3034 and the surface and lateral sides of
land 3036a of plated-through holes 3036. The etching solu-
tion used was a mixture of 10 weight parts of 1midazole
copper (II) complex, 7 weight parts of glycolic acid, 5
welght parts of potassium chloride and 78 weight parts of
deionized water.

(5) The resin layer 3040 1s formed between conductor
circuits 3034 of the circuit substrate and in the plated-
through holes 3036 (FIG. 18 (G)). The resin filler C prepared
in advance was applied to both sides of circuit substrate by
roll coater to filled with the filler between conductor circuits
and in the plated-through holes. The substrate was then
subjected to heat treatment at 100° C. for 1 hour, 120° C. for
3 hours, 150° C. for 1 hour and 180° C. for 7 hours to cure

the resin filler.

(6) One side of the substrate board 3030 which had under-
gone the above treatment (5) was abraded with a belt sander
using a #600 belt sanding paper (Sankyo Rikagaku) to
thoroughly remove any residue of resin filler 3040 from the
surface of the conductor circuit 3034 and the surface of land
3036aq of plated-through holes 3036 and, thereafter, butied to
get rid of flaws produced 1n the belt sanding operation. The
above series of operations was similarly performed on the
other side of the substrate board.

The circuit substrate 3030 thus obtained comprises resin

layer 3040 between conductor circuits 3034 and the resin
layer 3040 1s formed in the plated through-holes. The
surtace of the conductor circuit 3034 and the surface and

lateral sides of land 3036a of plated-through holes 3036 are
thus removed to make both sides of the substrate board flat

and smooth. The resulting circuit board features a firm bond

between the resin filler 3040 and roughened surface 3038 in
the lateral sides of the mnner-layer conductor circuit 3034 or

roughened surface 3038 lateral sides of land 3036a of
plated-through holes 3036 and between the resin filler 3040
and the lateral sides of plated-through holes.

(7) A roughened layer 3042 on the surfaces of the conductor
circuit 3034 having a thickness of 3 um was formed by
roughing the surfaces of the conductor circuit 3034 and the
surface and lateral sides of land 3036a of plated-through
holes 3036 (FIG. 18 (I)).

Sn substitution plating carried out on the roughened layer
3042 to form the 0.3 um-thick Sn layer (not shown). Said
substitution plating was Cu—=Sn substitution plating carried
out by using 0.1 mol/LL of tin borofluoride and 1.0 mol/L of
thiourea at 50° C. and pH=1.2.

(8) Using a roll coater, the interlayer resin insulating layer
(for the lower layer) 3044 with a viscosity of 1.5 Pas as
obtained 1 (9) above was coated on both sides of the
substrate 3030 obtained above within 24 hours of prepara-
tion and the substrate board was allowed to sit in the
horizontal position for 20 minutes and dried at 60° C. for 30
minutes (prebake). Then, the photosensitive adhesive solu-
tion (for the upper layer) 3046 with a viscosity adjusted to
7 Pa-s as prepared 1n A mentioned above was coated within
24 hours of preparation and the substrate board was allowed
to sit in the horizontal position for 20 minutes and, then,
dried (prebaked) at 60° C. for 30 minutes to provide a 35
um-thick adhesive layer 3050 o (FI1G. 19 (I)).

(9) A photomask film (not shown) printed with black dots
having ¢=85 um (not shown) was superimposed on both
sides of the substrate board 3030 formed with an adhesive
layer in (8) above and exposed to light at 50 mJ/cm® using,
an ultrahigh-pressure mercury arc lamp. After spray-devel-
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opment with DMTG solution, the substrate 3030 was further
exposed to light at 3000 mJ/cm® with the ultrahigh-pressure
mercury arc lamp and heat-treated (postbaked) at 100° C. for
1 hour, at 120° C. for 1 hour and further at 150° C. for 3
hours, whereby a 35 um-thick interlayer resin insulating
layer (binary structure) 3050 having 85 um ¢ openings
(openings for via holes) 3048 with a good dimensional
tolerance corresponding to that of the photomask film (FIG.
19 (K)) was obtained. In the openings 3048 for via holes, the
plated tin layer (not shown) was caused to be partially
exposed.

(10) The substrate board 3030 was immersed in chromic
acid for 1 minutes to dissolve and removed the epoxy resin
particles from the surface of the adhesive layer 3050 to
roughen the surface of said adhesive layer 3050 (FIG. 19
(L)), then immersed 1n a neutralizing solution (Shipley) and
rinsed with water.

Then, a palladium catalyst (Atotech) was applied to the
surtace ol the substrate board 3030 which had been sub-
jected to surface roughening in the above step to deposit the
catalyst nucleus on the roughened layer of the surface of the

clectroless-plating layer 3044 and the openings for via holes
3048.

(11) The board 3030 was immersed 1n an aqueous electroless
copper plating solution of the following formulation to

provide a 1.6 um-thick electroless plated copper film 3052
all over the surface (FIG. 19 (M)).

[Aqueous electroless plating solution]

EDTA 150 g/L
Copper sulfate 820 g/L
HCHO 30 ml/L
NaOH 40 g/L
., o -Bipyridyl 80 mg/l
PEG 0.1 g/L

[Electroless plating conditions]

Bath temperature 70° C., for 30 min.

(12) A commercial photosensitive dry film (not shown) was
pasted on the electroless plated copper film 3052 and a mask
(not shown) was placed in position. Then, the exposure at
100 mJ/cm?® and development with 0.8% sodium carbonate

were carried out to provide a 15 um-thick plating photoresist
3054 (FIG. 20 (N)).

(13) Then, the resist-free area was copper-electroplated

under the following conditions to construct a 15 um-thick
copper layer 3056 (FIG. 20 (O)).

[Aqueous electroplating solution]

Sulfuric acid 180 g/L
Copper sulfate 80 g/L
Additive (Atotech Japan; 1 ml/L
Kaparacid GL)

[Electroplating conditions]
Current density 1 A/dm?
Time 30 min.
Temperature Room temp.

(14) After the plating resist 3054 was stripped off with 5%
KOH, the electroless plated metal film 30352 underneath the
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plating resist was dissolved and removed by etching with an
etching solution comprising a mixture of sulturic acid and
hydrogen peroxide to provide an 18 um(10 to 30 um)-thick
conductor circuit 3058 and via holes 3060 comprising
clectroless plated copper film 3052 and electroplated copper

film 3056 (FIG. 20 (P)).

(15) Following the same procedure as described 1n (7), a
roughened surface 3062 comprised of Cu—N1—P alloy was
formed on the surfaces of conductor circuit 3058 and via

holes 3060 and a Sn substitution on the surface was carried
out (FIG. 21 (Q)).

(16) The sequence of steps (8) to (14) was repeated to
provide an additional upper-layer interlayer resin msulating,
layer 3160, via holes 3160 and conductor circuit 3158.
Furthermore, the surface of the via holes 3160 and conductor
circuit 3158 were provided with roughened layer 3162 to
complete a multilayer buildup circuit board (FIG. 21 (R)). In
this process for formation of said additional upper-layer
conductor circuit, no Sn substitution was carried out.

(17) Then, this multilayer buildup circuit board was pro-
vided with solder bumps. The solder resist composition
described under D. was coated 1n a thickness of 45 um on
both sides of the substrate board 3030 obtained in (16)
above. After the substrate board was dried at 70° C. for 20
minutes and further at 70° C. for 30 minutes, a 5 mm-thick
photomask film (not shown) carrying a pattern of dots (imask
pattern) was placed in mtimate contact and exposure with
ultraviolet light at 1000 mJ/cm® and development with
DMTG were carried out. Then, the substrate board was
further heat-treated at 80° C. for 1 hour, at 100° C. for 1
hour, at 120° C. for 1 hour and at 150° C. for 3 hours to
provide a solder resist layer 3070 (thickness: 20 um) having,

openings 3071 (opening dia. 200 um) in the solder pad areas
(inclusive of via holes and their lands) (FIG. 21 (S)).

(18) Then, this substrate 3030 was immersed in an electro-
less nickel plating solution (pH=4.5) containing 2.31x107"
mol/L of nickel chloride, 2.8x10™" mol/L of sodium hypo-
phosphite and 1.85x10™' mol/L of sodium citrate for 20
minutes to provide a 5 um-thick plated nickel layer 3072 in
the openings 3071. Furthermore, this board was immersed in
an electroless gold plating solution containing 4.1x107>
mol/L. of potassium cyanide-gold, 1.87x10~" mol/LL of
ammonium chloride, 1.16x10™ mol/L, of sodium citrate and
1.7x107" mol/L of sodium 9 hypophosphite at 80% for 7
minutes and 20 seconds to provide a 0.03 um plated gold
layer 3074 on the plated nickel layer, whereby the via holes
3160 and conductor circuit 3158 were provided with solder

pads 3075 (FIG. 22 (T)).

(19) Then, the openings 3071 of the solder resist layer 3070
were printed with a solder paste followed by reflowing at
200° C. to provide solder bumps (solder masses) 3076U,
3076D and thereby provide a multilayer printed circuit

board 3010 (FIG. 22 (U)).

In this example, since the copper foil had thinned by
ctching 1n advance, the total thickness of copper foil 3031
and plated layer 3033 each constituting the conductor circuit
3034 becomes thinner so that the fine conductor circuit 3034

can be formed by patterned-etching mentioned above.

EXAMPLE 5

The process for the multilayer printed circuit board 3010
according to Example 5 1s now described with reference to
FIG. 24.
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(1) In this Example 5, FR-5 substrate (Matsushita Denko,
R5715S) was used as both sides-copper clad laminate board
3030A (FIG. 24 (A)). Both sides of copper foil 3031 were

adjusted to 3 um of thickness by using etching solution
(Mitsubishi gas, SE-07) (FIG. 24 (B)).

(2) Through holes 3032 were pierced in the substrate 3030
by using a drill having $=0.3 mm. (FIG. 24 (C)). Then, the
desmear treatment was carried out in the inner surface of the
through-holes 3032 by using potassium permanganate.

(3) The whole substrate board 3030 was treated with cata-
lyst, then 0.1 um of electroless plating layer 3035 was
formed. Then, using the dry film resist made by Nichigo
morton, Co., (NIT 225), the channel pattern (solder resist)
3092 1n L/5=30/30 um was provided (FIG. 24 (D)).

(4) The electroplating layer 3033 in thickness of 15 um and
the solder resist layer 3094 1n thickness of 3 um were formed
in resist-iree parts by using the above-mentioned electroless
plating layer 3035 as a power supply (FIG. 24 (E)).

(5) After the plating resist 3092 was stripped ol with 2%
NaOH, the conductor circuit 3034 was formed by etching
the electroless plated metal film 3035 and copper foil 3031
underneath the plating resist 3092. Then, the solder resist
was removed using solder plate stripping solution (FIG. 24
(F)).

The following steps are omitted since those are the same
as Example 4 mentioned above 1n reference with FIG. 18 to
FIG. 22.

In this Example 5, the copper foi1l 3031 of the both side
copper clad laminate board had thinned by etching in
advance.

Therefore, since the copper foil 3031 had thinned 1in
advance when the plated layer (electroless plating layer)
3035 under the resist 3031 and the copper o1l 3031 removed
by etching, the total thickness of copper foil 3031 and plated
layer 3033 becomes thinner so that the fine conductor circuit
can be formed by patterned-etching mentioned above.

EXAMPLE 6

The process for the multilayer printed circuit board

according to Example 6 1s now described with reference to
FIG. 25.

(1) As the starting matenial, a copper-clad laminate 3030A
(HITACHI Kaser Industries, EA697) laminating a 12
um-thick copper foil 3031 to both sides of a 0.8 mm-thick
substrate 3030 having glass-epoxy resin (FIG. 25 (A)) was
used. Both sides of copper fo1l 3031 were adjusted to 3 um
of thickness by using etching solution (Mitsubishi gas,
SE-07) (FIG. 25 (B)).

(2) Laser was irritated to the capper-clad laminate 3030A of
the substrate board 3030 using carbon dioxide gas laser
(Mitsubishi Denki, ML605GTL) with an output of 30 mlJ, a
pulse duration of 52x107° seconds and 15 shots (FIG. 25

(C)) to form the through-holes 3032 having ¢=100 um.

Then, the desmear treatment was carried out 1n the lateral
sides of the through-holes 3032 by potassium permanganate.

(3) The whole substrate board 3030 was treated with cata-
lyst, then O um of electroless plating layer was formed.

Then, the copper-electroplating 1s carried out 1n the current
of 1A/dm” via said electroless plated layer to prepare the

plated layer 3033 of the thickness in 15 um (FIG. 25 (D)).
As a result, plated-through holes 3036 were formed 1n the

through holes 3032.
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(4) Then, the dry film resist (ASAHI chemical Co, AQ4059,
not shown) was adhered to the surface of copper foil 3031
in the plated layer 3033 to form the pattern in L/S=50/50 um.
Then etching was curried out with copper chloride, and the
resist was stripped ofl with 2% NaOH to form conductor
circuit 3034 (FIG. 25 (E) The following steps are omitted
since those are the same as Example 4 mentioned above 1n
reterence with FIG. 18 to FIG. 22.

In this Example 6, since the copper foil 3031 had thinned
in, the total thickness of copper foil 3031 and plated layer
3033 constituting conductor circuit 3034 becomes thinner so
that the fine conductor circuit 3034 can be formed by
patterned-etching mentioned above.

Through holes can be pierced by a laser in the Example
6, though through holes were pierced by a drill in the
Examples 4 and 5. Furthermore, while the surfaces of the
substrate were flattened by applying the resin 3040 after the
formation of conductor circuit 3034 on the core board 3030
in the above Examples, a flat multilayer printed board could
be obtained without flattening treatment mentioned above
since the conductor circuit 3034 had thinned 1n advance.

EXAMPLE 7

The process for the multilayer printed circuit board
according to Example 7 1s now described with reference to
FIG. 26. Basically, the process 1s same as Example 4,
however as shown 1 FIG. 26 (A), conductor circuits 3034
and plated-through holes 3036 were formed 1n advance, and
as shown 1n FI1G. 26 (B), the only plated-through holes 3036
were followed by being filled with the resin filler 3040. The
printed mask (not shown) which has the openings in the
parts corresponding to plated-through holes was used for
filling plated-through holes 3036. Then the surface was
abraded (FIG. 26 (C)) to provide the roughened layer 3042
comprising Cu—N1—P on the surface of the conductor
circuit as shown 1n FIG. 26 (D).

The roughened layer was provided by the following
manner. Thus, the substrate board was alkali-degreased,
solt-etched and further treated with a catalyst solution
comprising palladium chloride and an organic acid to apply
the Pd catalyst, and after activation of the catalyst, the
substrate board was mmmersed 1n an electroless plating
solution (pH=9) comprising copper sulfate (3.2x107 mol/
L), nickel sulfate (2.4x10™° mol/L), citric acid (5.2x107>
mol/L.), sodium hypophosphite (2.7x10™" mol/L), boric acid
(5.0x107" mol/L) and surfactant (Nisshin Chemical, Sur-
phile 4635) (0.1 g/L). Two minute aiter dipping, the substrate
board was vibrated lengthwise and crosswise every 1 sec-
onds to thereby provide 5 um-thick Cu—N1—P acicular
alloy roughened layer on the nickel layer on the surfaces of
the conductor circuit 3034 and of lands of plated-through
holes 3036.

Then, the mterlayer resin mnsulating layers (for the lower
layer) 3044 and 3046 were formed as shown 1n FIG. 26 (E).
Since the conductor circuit 3034 of the core board 3034 1s
thin, the surface of the interlayer resin msulating layer can
be flattened without filling the resin between the conductor
circuits.

EXAMPLE 8

A. Production of an Flectroless Plating Adhesive

(1) A resin composition was prepared by mixing and stirring
35 weight parts of resin solution dissolving a 80 wt. %
solution of 23% acrylate of cresol novolac epoxy resin
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(Nippon Kayaku; mol. wt. 2500) in DMDG, 3.15 weight
parts of photosensitive monomer (ITo a Gosel; Aronix
M313), 0.5 weight part of antifoam and 3.6 weight parts of
N-methylpyrrolidone(NMP).

(2) Other resin composition was prepared by mixing 12
weight parts of polyethersulfone (PES) with epoxy resin
powders (Sanyo Kasei; Polymerpol) (7.2 weight parts of a
powder having an average particle diameter of 1.0 um, and
3.09 weight parts of a powder having an average particle
diameter of 0.5 um), adding 30 weight parts of NMP to the
mixture and agitating the whole mixture to mix n a bead
muall.

(3) Another resin composition was prepared by mixing and
stirring 2 weight parts of 1imidazole series curing agent
(Shikoku Kase1; 2E4AMZ-CN), 2 weight parts of photopoly-
merization initiator (Ciba-Beigy; Irgacure 1-907), 0.2 weight
part ol photosensitizer Michler’s ketone (Nippon Kayaku;
DETX-S) and 1.5 weight parts of NMP.

Then, the resin compositions prepared 1n (1), (2) and (3)
were mixed to obtain the electroless plating adhesive.

B. Process for Production of the Multilayer Printed Circuit
Board

(1) As the starting material, a copper-clad laminate laminat-
ing a 18 um-thick copper foil 4008 to both sides of a 1
mm-thick substrate 4001 having glass-epoxy resin or BT
(bismaleimide-triazine) resin (FIG. 28 (a)). First, this cop-
per-clad laminate was pierced with a dnll, then the plated
resist was formed, and electroless copper plating treatment
was curried out to form plated-through holes 4009. Further,
the copper foil was pattern-etched to form the inner-layer
copper pattern in each side of the substrate (lower conductor
circuit) 4004,

The substrate thus formed with the inner-layer copper
pattern 4004 was rinsed with water and dried. Then, 1t was
subjected to an oxidation-reduction treatment using an oxi-
dizing (blackening) solution containing NaOH (10 g/L),
NaclO, (40 g/I) and Na;PO, (6 g/L) to provide said the
whole surface of the inner-layer copper pattern 4004 with a
roughened layer 4004a and 4009a (FIG. 28 (b))

(2) Using a printer, the resin filler 4010 containing epoxy
resin mainly was coated on both sides of the substrate board
to fill up the clearance between the lower conductor circuits
(1nner-layer copper pattern) 4004 or in plated-through holes
4009 and oven-dried. Thus, by this process, the resin filler
4010 was filled up the clearance between the conductor

circuits (inner-layer copper pattern) 4004 or plated-through
hole 4009 (FIG. 28 (C)).

(3) One side of the substrate which had undergone the above
treatment (2) was abraded with a belt sander using abelt
sanding paper (Sankyo Rikagaku) to thoroughly remove any
residue of resin filler 4010 from the surface of the lower
conductor circuit 4004 and the surface of the land of the
plated-through hole 4009 and, thereatter, butied to get rid of
flaws produced in the belt sanding operation. The above

series ol operations was similarly performed on the other
side of the substrate board, then the resin filler 4010 was

oven-dried (FIG. 28 (d)).
As the mentioned above, the surface of resin filler 4010

filled 1n the plated-through holes 4009 and the roughened
layer 4004a on the lower conductor circuit 4004 were
removed and both sides of the substrate board were flattened

so that the wiring substrate was obtained, 1n which the resin
filler 4010 and the lateral side of the plated-through holes
4009 were adheres intimately via the roughened layer 4004a
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and the mner wall of the plated-through holes and the resin
filler 4010 were adheres intimately via the roughened layer
4009a.

(4) The substrate board completing the above-mentioned
steps was immersed 1n an electroless nickel plating solution
at 90° C. comprising nickel chloride (30 mol/L), sodium
hypophosphite (10 mol/L), and sodium citrate (0.1 g/L) to
provide 1.2 um-thick nickel plated layer 4011a on the

surface of the conductor circuit 4004 and the surface of the
land of the plated-through hole 4009.

(5) Further, 2 um-thick Cu—N1—P acicular alloy roughened
layer 40115 was formed on the surfaces of the conductor
circuit 4004 and lands of plated-through holes 4009 formed
nickel plated layer 4011a thereon, furthermore 0.3 um-thick

Sn layer was formed (FIG. 29 (a)). However, Sn layer 1s not
shown.

The roughened layer 401156 was formed by the following
manner. Thus, the substrate board was alkali-degreased, 3
soft-etched and further treated with a catalyst solution
comprising palladium chloride and an organic acid to apply
the Pd catalyst, and after activation of the catalyst, the
substrate board was mmmersed 1n an electroless plating
solution (pH=9) comprising copper sulfate (3.2x107 mol/
L), nickel sulfate (2.4x10° mol/L), citric acid (5.2x107>
mol/L.), sodium hypophosphite (2.7x10™" mol/L), boric acid
(5.0x107" mol/L) and surfactant (Nisshin Chemical, Sur-
phile 4635) (0.1 g/L). Two minute aiter dipping, the substrate
board was vibrated lengthwise and crosswise every 1 sec-
onds to thereby provide the Cu—Ni1—P acicular alloy
roughened layer 40115 on nickel layer 4011a on the surfaces
of the conductor circuit 4004 and lands of plated-through
holes 4009.

(6) Using a roll coater, the an electroless plating adhesive as
obtained 1n A. mentioned above was coated on both sides of
the substrate board twice, and the substrate board was
allowed to sit 1n the horizontal position for 20 minutes and

dried at 60° C. for 30 minutes. (FIG. 29 (b))

(7) A photomask film printed with black dots having ¢=200
um was superimposed on both sides of the substrate board
formed with an adhesive layer 1n (6) above and exposed to
light at 500 mJ/cm” using an ultrahigh-pressure mercury arc
lamp and spray-development with dimethylene grycol dim-
cthyl ether (DMTG) solution to provide openings for via
hole 4006 having $=85 um on the adhesive layer. Then, the
substrate was further exposed to light at 3000 mJ/cm® with
the ultrahigh-pressure mercury arc lamp and heat-treated
(postbaked) at 100° C. for 1 hour, and further at 150° C. for
5 hours, whereby a 35 um-thick interlayer resin insulating
layer 4002 having ¢=35 um openings (opemngs for via holes
4006) with a good dimensional tolerance corresponding to
that of the photomask film (FIG. 29 (¢)) was obtained. The
aspect ratio of said openings for via holes 1s 0.41.

(8) The substrate formed with opemings for via holes 4006
was 1mmersed 1 chromic acid (750 g/l) at 73° C. for 20
minutes to dissolve and removed the epoxy resin particles
from the surface of the mterlayer resin msulating layer 4002

to roughen the surface, then immersed 1 a neutralizing
solution (Shipley) and rinsed with water (FIG. 29 (d)).

Then, a palladium catalyst (Atotech) was applied to the
surface of the substrate board which had been subjected to
surface roughening 1n the above step to deposit the catalyst
nucleus on the surface of the interlayer resin insulating layer
4002 and mner side of openings for via holes 4006.
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(9) Thereafter, the substrate board was immersed 1n an
aqueous electroless copper plating solution of the following

formulation to provide a 0.8 um-thick electroless plated
copper f1lm 4012 all over the surface (FIG. 30 (a)).

[Aqueous electroless plating solution]

EDTA 150 g/L
Copper sulfate 20 g/L
HCHO 30 ml/L
NaOH 40 g/L
a, o -Bipyrndyl 80 mg/L
PEG 0.1 g/L

[Electroless plating conditions]

Bath temperature 70° C., for 30 min.

(10) A commercial photosensitive dry film was pasted on the
clectroless plated copper film 4012 and with a mask placed
in position, exposure at 100 mJ/cm? and development with

0.8% sodium carbonate were carried out to provide a plating
photoresist 4003 (FIG. 30 (b)).

(11) Then, electroplating was curried out in the following

condition to form 16 um-thick copper electroplating layer
4013 (FIG. 30 (¢)).

a) The substrate board was immersed in the mixture
containing cleaner conditioner aqueous solution (Atotech

Japan, FR, 100 g/1) and sulfuric acid at 50° C., for 5 min.
b) Washing twice with water at 50° C.

¢) Immersed and mixed in the 10 v/v % of aqueous
solution of sulfuric acid for 1 min.

d) Washing with water twice.

¢) Immersed 1n an aqueous electroplating solution and the
direct current plating was curried out. Thereafter, conductor
circuit 4005 and via holes 4007 having a flat upper surface

(16 um thack, L/S=37/37 um) comprising electroless plated
copper 11lm 4012 and copper electroplating layer 4013 were
formed.

[Aqueous electroless plating solution]

Sulfuric acid 220 g/L
Copper sulfate 65 g/L
Chloride 1on 40 ppm
Thiourea 0.4 mmol/L

[Electroless plating conditions]

Current density 1.5 A/dm?

Time 48.5 mun.
Temperature 20° C.

Cathode Copper-containing phosphorus

(12) Then, the substrate board was immersed in an electro-
less nickel plating solution containing nickel chloride (30
g/L.), sodium hypophosphite (10 g/L.) and sodium citrate (10
g/[.) for 20 minutes to provide a 1.2 um-thick plated nickel
layer 4011a on the conductor circuit and the land 4007 of the
plated-through holes (FIG. 31 (d)).

After the plating resist 4003 was stripped ofl with 3%
KOH, the electroless plated metal film 4012 underneath the
plating resist 4003 was dissolved and removed by etching
with an mixture solution of sulfuric acid and hydrogen

peroxide (FIG. 31 (a)).
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(13) Following the same procedure as described 1 (5), a
roughened surface 40115 comprised of Cu—N1—P alloy
was formed on the surfaces of conductor circuit 4005 (FIG.

31 (b))

(14) The sequence of steps (6) to (13) was repeated to
provide an additional upper-layer conductor circuit (FIG. 31
(c¢)), and then the multilayer printed circuit board was
provided by forming solder resist layers and solder bumps.

EXAMPLE 9

The multilayer printed circuit board was obtained as the
same procedure as Example 8 except the concentration of
thiourea 0.3 mmol/L.

EXAMPL.

10

(Ll

The multilayer printed circuit board was obtained as the
same procedure as Example 8 except the concentration of
thiourea 0.5 mmol/L.

EXAMPL.

L1

11

The multilayer printed circuit board was obtained as the
same procedure as Example 8 except the concentration of
thiourea 0.15 mmol/L.

EXAMPL.

L1

12

The multilayer printed circuit board was obtained as the
same procedure as Example 8 except the concentration of
thiourea 1.30 mmol/L.

EXAMPL.

(Ll

13

The multilayer printed circuit board was obtained as the
same procedure as Example 8 except 0.4 mmol/L of poly-
cthylene grycol aqueous solution was used instead of thio-
urea.

EXAMPL.

(L]

14

The multilayer printed circuit board was obtained as the
same procedure as Example 8 except 0.4 mmol/L of sodium
cyanide aqueous solution was used instead of thiourea.

COMPARATITV.

EXAMPLE 2

T

The multilayer printed circuit board was obtained as the
same procedure as Example 8 except the concentration of
thiourea 0.08 mmol/L.

COMPARAITITV.

T

EXAMPLE 3

The multilayer printed circuit board was obtained as the
same procedure as Example 8 except the concentration of
thiourea 1.55 mmol/L.

The cross sections of the multilayer printed circuit boards
obtained by Examples 8 to 14 and Comparative Examples 2
to 3 were observed by light microscope, and the degree of
packing, thickness of the conductor circuit, and flatness on
the via holes were observed. The results were shown in

Table 4.
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TABLE 4
Degree of the Flatness of Thickness of
filling in the the surface of the conductor
Openings via holes circuits (U m)
Example 8 Complete filled  Flat 16.5
Example 9 Complete filled  Flat 16.5
Example 10 Complete filled  Flat 16.5
Example 11 Complete filled  Slight convexing 16.5
at the center
Example 12 Complete filled  Slight concaving 16.5
at the center
Example 13 Complete filled  Flat 16.5
Example 14 Complete filled  Flat 16.5
Compar. Ex. 2 Complete filled  Convexing Not formed
Compar. Ex. 3 Not filled Large concaving 16.5

As obvious from the above-mentioned Table 4, the com-
plete packing and the formation of the conductor circuit
were accomplished at the same time by using aqueous
solution containing 0.1 to 1.5 mmol/LL of additives as a
plating solution at currying out an electroplating.

Further, a flat upper surface of the via holes could be
obtained by setting the concentration of thiourea at 0.3 to 0.5
mmol/L.

EXAMPLE

15

The process for manufacturing a multilayer printed board
according to Example 15 1s now described with reference to
the drawings.

First, the recipes for preparation of A. electroless plating
adhesive, B. interlayer resin insulating material, C. resin
filler, and D. solder resist for use in this process for manu-
facturing a multilayer printed circuit board in accordance
with Example 15 are explained below.

A. Production of Starting Compositions for the Preparation
of an Electroless Plating Adhesive (Upper-Layer Adhesive)

[Resin Composition (1) ]

A resin composition was prepared by mixing and stirring
35 weight parts of resin solution dissolving a 80 wt. %
solution of 25% acrylate of cresol novolac epoxy resin
(Nippon Kayaku; mol. wt. 2500) in DMDG, 3.15 weight

parts of photosensitive monomer (ITo a Gosel; Aronix
M313), 0.5 weight part of antifoam (Sun Nopco; S-65) and

3.6 weight parts of NMP.

[Resin Composition (2) ]

A resin composition was prepared by mixing 12 weight
parts of polyethersulione (PES) with epoxy resin powders
(Sanyo Kasei; Polymerpol) (7.2 weight parts of a powder
having an average particle diameter of 1.0 um, and um 3.09
welght parts of a powder having an average particle diam-
cter of 0.5), adding 30 weight parts of NMP to the mixture
and agitating the whole mixture to mix 1n a bead mill.

[Curing Agent Composition (3) ]

A curing composition was prepared by mixing and stirring
2 weight parts of 1midazole series curing agent (Shikoku
Kasei; 2E4MZ-CN), 2 weight parts of photopolymerization
initiator (Ciba-Beigy; Irgacure 1-907), 0.2 weight part of
photosensitizer (Nippon Kayaku; DETX-S) and 1.5 weight
parts of NMP.
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B. Starting Compositions for Preparation of an Interlayer
Resin Insulating Agent (Adhesive for Lower Layer)

[Resin Composition (1) ]

A resin composition was prepared by mixing and stirring
35 weight parts of resin solution dissolving a 80 wt. %
solution of 25% acrylate of cresol novolac epoxy resin
(Nippon Kayaku; mol. et. 2500) in DMDG, 4 weight parts
of photosensitive monomer (To a Gosel; Aromix M3135), 0.5
weight part of antifoam (Sun Nopco; S-65) and 3.6 weight

parts of NMP.

[Resin Composition (3) ]

A resin composition was prepared by mixing 12 weight
parts ol polyethersulfone (PES) with 14.49 weight parts of
an epoxy resin powder having an average particle diameter
of 0.5 um (Sanyo Kase1; Polymerpole) and adding 30 weight
parts of NMP to the mixture, and agitating the whole mixture
to mix 1n a bead mill.

[Curing Composition (3) |

A curing composition was prepared by mixing and stirring
2 weight parts ol 1midazole series curing agent (Shikoku
Kasei; 2E4MZ-CN), 2 weight parts of photopolymerization
mitiator (Ciba-Geigy; Irgacure 1-907), 0.2 weight part of
photosensitizer (Nippon Kayaku, DETX-S) and 1.5 weight
parts of NMP.

C. Production of Starting Compositions for Preparation of a
Resin Filler

[Resin Composition (1) ]

A resin composition was prepared by mixing and stirring
100 weight parts of bisphenol F epoxy monomer (Yuka
Shell; mol. wet. 310, YL983U), 170 weight parts of surface-
silanated S10, beads with an average diameter of 1.6 um
(Adomatic; CRS 1101-CE; the maximum particle size con-
trolled below the thickness (15 um) of the inner-layer copper
pattern to be described below) and 1.5 weight parts of
leveling agent (San Nopco; Levenol S4) and adjusting the
viscosity of the mixture to 45,000 to 49,000 cps at 23+1° C.

[Curing Composition (2) ]
Imidazole series curing agent (Shikoku Kase1; 2E4MZ-
CN), 6.5 weight parts.

D. Preparation of a Solder Resist Composition

A solder resist composition was prepared by mixing 46.67
g of a 60 wt. % solution of a photosensitized oligomer (mol.
wt. 4000) prepared by acrylating 50% of the epoxy groups
ol cresol novolac epoxy resin (Nippon Kayaku) in DMDG,
15.0 g of a 80 wt. % solution of bisphenol A epoxy resin
(Yuka Shell; Epikote 1001) 1n methyl ethyl ketone, 1.6 g of
imidazole series curing agent (Shikoku Kasei; 2E4MZ-CN),
3 g of photosensitive polyfunctional acrylic monomer (Nip-
pon Kayaku, R604), 1.5 g of photosensitive polyfunctional
acrylic monomer (Kyoeisha Chemical; DPE6A) and 0.71 g
of dispersion antifoam (San Nopco; S-65), followed by
addition of 2 g of photopolymerization mitiator benzophe-
none (Kanto Chemical) and 0.2 g of photosensitizer
Michler’s ketone (Kanto Chemical). The viscosity of the
resulting mixture was adjusted to 2.0 Pa-s at 25° C.

Viscosity measurement was carried out with a Type B
viscometer (Tokyo Keiki, DVL-B) using a rotor No. 4 for 60
rpm and a rotor No. 3 for 6 rpm.

The process for manufacturing a multilayer printed circuit
board according to Example 15 1s now described with
retference to FIGS. 32 to 37. In Example 15, the multilayer
printed circuit board was fabricated by the semi-additive
process.
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(1) As the starting material, a copper-clad laminate S030A
laminating a 18 um-thick copper foi1l 3012 to both sides of
a 1 mm-thick substrate 5030 having glass-epoxy resin or BT
(bismaleimide-triazine) resin as shown in FIG. 32 (A). First,
using a laser processor, through holes 5016 for plated-
through holes were pierced 1n this copper-clad laminate

5030A (FIG. 32 (B)).

The laser processing equipment which can be used 1n this
step includes a carbon dioxide gas laser equipment, a UV
laser equipment and an eximer laser equipment. The pre-
terred diameter D of the through holes 5016 1s 100 to 200
um. Among said machines, the carbon dioxide gas laser
equipment, which features a high processing speed and a
low-cost operation and, hence, 1s most suited for industrial
use, 1s the laser processor of choice for the practice of the
invention of the fifth group.

Thus, when a drill 1s used for piercing through holes, even
the smallest diameter D of the holes 1s 300 um so that when
via holes 5060 are formed in the manner of covering
plated-through holes 5016 as in the example described
above with reference to FIG. 36 (S), the diameter of the via
hole 5060 becomes large, making it mandatory to reduce the
density of via holes 5060 in the interlayer resin insulating
layer 5050 and the wiring density of the conductor circuit
50358. In this example, therefore, the reduction 1n wiring
density on the side of the interlayer resin insulating layer
5050 1s obviated by delimiting the diameter of through holes
5016 to not greater than 200 um by using a laser. The lower
limait to hole diameter of 100 um 1s set only because through
holes not greater than 100 um 1n diameter can hardly be
pierced even with a laser beam. While, 1n this example,
through holes not greater than 200 um in diameter are
formed with a laser equipment, it 1s permissible to pierce
through holes as large as 300 um 1n diameter by means of a
drilling machine as in the prior art and form via holes so as
to cover the through holes for reducing the wiring length.

(2) Then, the core board 5030 was electroless plated to form
a plated metal film 5018 on the inner walls of through holes
5016 (FIG. 32 (C)).

(3) The copper fo1l 5012 of the core board 5030 was then

pattern-etched to provide plated-through holes 5036 and a
conductor circuit (an mner-layer copper pattern) 5034 (FIG.
32 (D)).

(4) The substrate board 5030 thus formed with the inner-

layer copper pattern 5034 and plated-through holes 5036
was rinsed with water and dried. Then, 1t was subjected to
an oxidation-reduction treatment using an oxidizing (black-
ening ) solution containing NaOH (10 g/L.), NaClO, (40 g/L)
and Na,PO, (6 g/L) and a reducing solution containing
NaOH (10 g/L) and NaBH, (6 g/L.) to provide said inner-
layer copper pattern 5034 and plated-through holes 5036
with a roughened layer 5038 (FIG. 32 (E)

(5) The starting compositions mentioned under (C) for
preparation of a resin filler were mixed and compounded to
prepare a resin {iller.

(6) Using a roll coater, the resin filler 5028 obtained 1n (35)
above was coated on both sides of the substrate board 5030
within 24 hours of preparation to fill up the clearance
between the conductor circuits (inner-layer copper pattern)
5034 and conductor circuit 5034 and within the plated-
through holes 5036 and dried at 70° C. for 20 minutes. The
other side of the substrate was also treated with resin filler
5028 to fill up the clearance between the conductor circuits
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5034 and in the plated-through holes 5036, followed by
oven-drying at 70° C. for 20 minutes (FIG. 33 (F)).

(7) One side of the substrate board 5030 which had under-
gone the above treatment (6) was abraded with a belt sander
using a #600 belt sanding paper (Sankyo Rikagaku) to
thoroughly remove any residue of resin filler 5028 from the
surface of the inner-layer copper pattern 5034 and the
surface of the land 5036a of the plated-through hole 5036
and, thereatter, bulled to get rid of tlaws produced in the belt
sanding operation. The above series of operations was
similarly performed on the other side of the substrate board

(F1G. 33 (G)).

The board was then subjected to heat treatment at 100° C.
for 1 hour, 120° C. for 3 hours, 150° C. for 1 hour and 180°
C. for 7 hours to cure the resin filler 5028.

The surface layer of the resin filler 5028 1n plated-through
holes 5036 and the roughened layer 5038 on the inner-layer
conductor circuit 5034 through the roughened layer 5038 are
thus removed to make both sides of the substrate board 5030
flat and smooth. The resulting circuit board features a firm
bond between the resin filler 5028 and the lateral sides of the
inner-layer conductor circuit 5034 and between the resin
filler 5028 and the 1nner walls of plated-through holes 5036
through said roughened layer 5038.

Thus, 1n this step, the surface of the resin filler 5028 and
the surface of the nner-layer copper pattern 5034 were made

flush.

(8) The substrate board 5030 formed with the conductor
circuit 5034 was alkali-degreased, soft-etched and further
treated with a catalyst solution comprising palladium chlo-
ride and an orgamic acid to apply the Pd catalyst, and after
activation of the catalyst, the substrate board was immersed
in an electroless plating solution (pH=9) comprising 3.2x10~
mol/LL of copper sulfate, 3. 0x10™> mol/L of nlckel sulfate,

5.4x10 mol/L, of complexing agent, 3.3x10™" mol/L of
sodium hypophosphite, 5.0x10™" mol/L of boric acid and 0.1
g/, of surfactant (Nisshin Chemical, Surphile 465). One
minute after dipping, the substrate board was vibrated
lengthwise and crosswise every 4 seconds to thereby provide
a Cu—N1—P acicular alloy covering layer and a roughened

layer 5029 on the surfaces of the conductor circuit 5034 and
lands 50364 of plated-through holes 5036 (FIG. 33 (H)).

Then, a Cu—Sn substitution reaction was carried out

using 0.1 mol/L of tin borofluoride and 1.0 mol/L of thiourea
at 35° C. and pH=1.2 to provide a 0.3 um-thick Sn layer (not

shown) on the roughened layer.

(9) The starting compositions B. for preparation of an
interlayer resin insulating layer were mixed under stirring
and adjusted to a wviscosity of 1.5 Pa-s to provide an
interlayer resin insulating agent (for the lower layer).

(10) Then, the starting compositions A. for preparation of an
clectroless plating adhesive were mixed under stirring and
adjusted to a viscosity of 7 Pa-s to provide an electroless
plating adhesive solution (for the upper layer).

(11) Using a roll coater, the interlayer resin isulating agent
(for the lower layer) 5044 with a viscosity of 1.5 Pa's as
obtained 1 (9) above was coated on both sides of the
substrate obtained 1n (8) above within 24 hours of prepara-
tion and the substrate board was allowed to sit in the
horizontal position for 20 minutes and dried at 60° C. for 30
minutes (prebake). Then, the photosensitive adhesive solu-
tion (for the upper layer) 5046 with a viscosity adjusted to
7 Pa-s as prepared 1n (10) above was coated within 24 hours
of preparation and the substrate board was allowed to sit 1n
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the horizontal position for 20 minutes and, then, dried
(prebaked) at 60° C. for 30 minutes to provide a 35 um-thick

adhesive layer 5050 o (FIG. 33 (I)).

(12) A photomask film (not shown) printed with black dots
having $=85 um not shown was superimposed on both sides
of the substrate board 5030 formed with an adhesive layer 1n
(11) above and exposed to light at 500 mJ/cm” using an
ultrahigh-pressure mercury arc lamp. After spray-develop-
ment with DMTG solution, the substrate 5030 was further
exposed to light at 3000 mJ/cm® with the ultrahigh-pressure
mercury arc lamp and heat-treated (postbaked) at 100° C. for
1 hour, at 120° C. for 1 hour and further at 150° C. for 3
hours, whereby a 35 um-thick interlayer resin insulating
layer (binary structure) 5050 having 85 um ¢ openings
(openings for via holes) 5048 with a good dimensional
tolerance corresponding to that of the photomask film (FIG.
34 (J)) was obtained. In the openings 5048 for via holes, the
plated tin layer (not shown) was caused to be partially
exposed.

(13) The substrate board 5030 formed with openings 5048
was 1mmersed in chromic acid for 19 minutes to dissolve

and removed the epoxy resin particles from the surface of
the interlayer resin insulating layer 3050 to roughen the
surface of said interlayer resin msulating layer 5050 (FIG.
34 (K)), then immersed 1n a neutralizing solution (Shipley)
and rinsed with water.

(14) Then, a palladium catalyst (Atotech) was applied to the
surface of the substrate board 5030 which had been sub-
jected to surface roughening in the above step (13) to deposit
the catalyst nucleus on the surface of the interlayer resin
insulating layer 5050. Thereafter, the substrate board 5030
was 1mmersed 1n an aqueous electroless copper plating
solution of the following formulation to provide a 0.6

um-thick electroless plated copper film 5052 all over the
surface (FI1G. 34 (L)).

[Aqueous electroless plating solution]

EDTA 150 g/L
Copper sulfate 20 g/L.
HCHO 30 ml/L
NaOH 40 g/L
a, o -Bipyridyl 80 mg/L
PEG 0.1 g/L

[Electroless plating conditions]

Bath temperature 70° C., for 30 min.

(15) A commercial photosensitive dry film was pasted on the
clectroless plated copper film 5054 formed 1n the above step
(14) and with a mask placed 1 position, exposure at 100
mJ/cm and development with 0.8% sodium carbonate were

carried out to provide a 15 um-thick plating photoresist 5054
(FIG. 34 (M)).

(16) Then, the resist-free area was copper-electroplated
under the following conditions to construct a 15 um-thick

copper eclectroplating layer 5056 (FIG. 34 (N)).

[Aqueous electroplating solution]

Sulfuric acid
Copper sulfate

180 g/L.
R0 g/l
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-continued
Additive (Atotech Japan; 1 ml/L
Kaparacid GL)
[Electroplating conditions]
Current density 1 A/dm?
Time 30 min.
Temperature Room temp.

(17) After the plating resist 3054 was stripped ofl with 5%
KOH, the electroless plated metal film 5052 underneath the
plating resist was dissolved and removed by etching with an
etching solution comprising a mixture of sulfuric acid and
hydrogen peroxide to provide an 18 um-thick conductor
circuit 5058 and wvia holes 5060 comprising electroless

plated copper film 5052 and electroplated copper film 5056
(FIG. 35 (O)).

(18) Following the same procedure as described in (8), a
roughened surface 5062 comprised of Cu—Ni1—P alloy was
formed on the surfaces of conductor circuit 5058 and via
holes 5060 and a Sn substitution on the surface was carried

out (FIG. 35 (P)).

(19) The sequence of steps (9) to (17) was repeated to
provide an additional upper-layer interlayer resin imsulating
layer 5160, via holes 5158 and conductor circuit 5158.
Furthermore, the surface of the via holes 5160 and conductor
circuit 5158 were provided with roughened layer 5162 to
complete a multilayer buildup circuit board (FI1G. 35 (Q)). In
this process for formation of said additional upper-layer
conductor circuit, no Sn substitution was carried out.

(20) Then, this multilayer buildup circuit board was pro-
vided with solder bumps. The solder resist composition

described under (D) was coated 1n a thickness of 45 pm on

both sides of the substrate board 5030 obtained in (19)
above. After the substrate board was dried at 70° C. for 20
minutes and further at 70° C. for 30 minutes, a 5 mm-thick
photomask film(not shown) carrying a pattern of dots (mask
pattern) was placed in mtimate contact and exposure with
ultraviolet light at 1000 mJ/cm® and development with

DMTG were carried out. Then, the substrate board was
further heat-treated at 80° C. for 1 hour, at 100° C. for 1

hour, at 120° C. for 1 hour and at 150° C. for 3 hours to
provide a solder resist layer 5070 (thickness: 20 um) having
openings 3071 (opening dia. 200 um) in the solder pad areas

(inclusive of via holes and their lands) (FIG. 36).

(21) Then, this board 5030 was immersed 1n an electroless
nickel plating solution (pH=4.5) containing 2.31x107*
mol/L of nickel chloride, 2.8x10™" mol/L of sodium hypo-
phosphite and 1.85x10™' mol/L of sodium citrate for 20
minutes to provide a 5 um-thick plated nickel layer 5072 in
the openings 5071.

Furthermore, this board was immersed 1n an electroless
gold plating solution containing 4.1x107* mol/L of potas-

sium cyanide-gold, 1.87x10™" mol/L of ammonium chlo-
ride, 1.16x107' mol/L. of sodium citrate and 1.7x10~* mol/L.

of sodium hypophosphite at 80% for 7 minutes and 20
seconds to provide a 0.03 um plated gold layer 5074 on the
plated nickel layer, whereby the via holes 5160 and con-

ductor circuit 5158 were provided with solder pads S075
(FIG. 36).
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(22) Then, the openings 5071 of the solder resist layer 5070
were printed with a solder paste followed by reflowing at
200° C. to provide solder bumps (solder masses) S076U,
5076D and thereby provide a multilayer printed circuit
board 5010 (FIG. 36).

Finally, as shown 1n FIG. 37, the bumps 5076U of the
multilayer printed circuit board 5010 were set 1n registration
with the pads 5092 of an IC chip and caused to retlow to
mount the IC chip 5092 on the multilayer printed circuit
board 5010. Furthermore, the multilayer printed circuit
board 5010 was mounted on a daughter board 5094 by
setting 1t 1n registration with 1ts pads 5096 and retlowing.

In the above-mentioned example, the multilayer printed
circuit board was fabricated by the semi-additive process,
however the multilayer printed circuit board abricated by the
tull additive process can be said to belong to the fifth group
of the invention.

EXAMPLE 16

In the following, the process for manufacturing a multi-
layer printed board according to Example 16 1s now
described with reference to the drawings.

A. Production of Starting Compositions for the Preparation
of an Electroless Plating Adhesive (Upper-Layer Adhesive)

The objective compositions were obtained by the same
method as Example 15.

B. Starting Compositions for Preparation of an Interlayer
Resin Insulating Agent (Adhesive for Lower Layer)

The objective compositions were obtained by the same
method as Example 15.

C. Production of Starting Compositions for Preparation of a
Resin Filler

The objective compositions were obtaimned by the same
method as Example 15.

D. Preparation of a Solder Resist Composition

The objective compositions were obtaimned by the same
method as Example 15.

The process for manufacturing a multilayer printed circuit
board according to Example 16 1s now described with
reference to FIGS. 39 to 45. In Example 16, the multilayer
printed circuit board was fabricated by the semi-additive
process.

(1) As the starting material, a copper-clad laminate 6030A
laminating a 18 um-thick copper foil 6012 to both sides of
a 0.5 mm-thick substrate 6030 having glass-epoxy resin or
BT (bismaleimide-triazine) resin (FIG. 39 (A)). Etching
resists were formed at the both sides thereot, etching treat-
ment was curried out with an aqueous solution of sulfuric
acid-hydrogen peroxide to provide the core board 6030
containing the conductor circuit 6014 (FI1G. 39 (B)).

The core board 6030 was prepared by laminating prepar-
cgs. For example, the prepregs at B stage prepared by
immersing epoxy resin, polyimide resin, bismaleimide-tri-
azine resin, fluorine resin (polytetrafluoroethylene, etc.)
were laminated to the fibrous matrix sheet or non-woven
tabrics of glass cloth or aramid cloth, and then hot-pressed
to provide the core board. As the circuit board on the core
board, there can be mentioned not shown).

The fabricating method 1s described in the following.
Thus, the substrate board 6030 was acid-degreased, sofit-
ctched and further treated with a catalyst solution compris-
ing palladium chloride and an organic acid to precipitate the
Pd catalyst, and after activation of the catalyst, the substrate
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board was immersed i an electroless plating solution
(pH=9) comprising copper sulfate (8 g/L), nickel sulfate (0.6
g/L.), citric acid (15 g/L), sodium hypophosphite (29 g/L),
boric acid (31 g/LL) and surfactant (0.1 g/L) to thereby
provide Cu—Ni1—P acicular alloy covering layer and rough-
ened layer 6027 on the surfaces of conductor layer 6026
covering the conductor circuit 6014a and the filler 6022.

Cu—=Sn substitution plating was carried out by using 0.1
mol/L of tin borotluoride and 1.0 mol/L of thiourea at 50° C.
and pH=1.2 to provide 0.3 um-thick Sn layer (not shown) on
the surface of the roughen layer 6010.

The roughen layer comprised of Cu—N1—P alloy may be
also formed by forming so-called blacken-reduction layer on
the surface of the conductor layer 6026a covering the
conductor circuit 6014a and the filler 6022, filling the resin
such as bisphenol F type epoxy resin between the conductor
circuits, abrading the surface, and plating of the above-
mentioned (9).

(10) The above-mentioned resin filler C. for flattening the
surface of the substrate was prepared.

(11) Using a roll coater, the resin composition 6028 prepared
by the procedure described above i (10) was applied on
both sides of the substrate board 6030 to {fill the upper
conductor layer 6026q, to fill the lower conductor layer
6026a or conductor circuit 60144 with the resin filler, and

oven-dried at 70° C. for 20 minutes (FIG. 41 (M)).

(12) One side of the substrate board which had undergone
the above procedure (11) was abraded with a belt sander
using #600 belt sanding paper (Sankyo Rikagaku) to thor-
oughly remove the resin filler 6028 from the surface of the
conductor layer 6026a g/1.) and NaBH, (6 g/L) to provide
the roughened layer 6020 on the whole surface of the
conductor 6018 containing the plated-through holes 6036
(FIG. 39 (E)). Said roughened layer was formed by an
oxidation-reduction treatment, however the spray treatment
with a aqueous mixture solution containing a cupric com-
plex compound and an organic acid and metal plating using
Cu—Ni1—P alloy can be also used.

(4) The plated-through holes 6036 were filled with the resin
filler 6022 contaiming copper particle of average diam-
eter=10 um (Tatsuta Densen, non-conductive hole-plugging
copper paste, trade name; DD paste) by screen printing, and
then died and cured. (FIG. 39 (E)) Thus, the resin filler was
coated by printing method on the substrate board set the
mask on the openings of the plated-through holes to fill the
plated-through holes, and then drnied and cured.

The resin filler filled 1n the plated-through holes com-
prises metal particle, thermosetting resin and curing agent,
or preferably comprises metal particle and thermosetting
resin and, where necessary, additional solvents. Since, 1f
these filler contain metal particles, the metal particles are
exposed when abrading those surface and the surface 1is
unified with the conductor circuit formed thereon via the
exposed metal particles, stripping between the conductor
layer 1s hardly occurred even under the hard condition of
high temperature and high humidity such as PCT (Pressure
cooker test). These filler do not occur the migration of metal
ion since those are filled 1n the plated-through holes having
the wall side of metal layer.

As the metal particles, there can be used copper, gold,
silver, aluminum, nickel, titanium, chromium, tin/lead, pal-
ladium, platinum and the like. The particle diameter of those
metal particles 1s preferably 0.1 to 50 um. Thus 1s because the
surface of copper 1s oxidized to worsen wettability against
the resin when the diameter 1s less than 0.1 um, while the
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printing efliciency becomes worse when the diameter 1s over
50 um. The addition amount of the metal particles 1s
preferably 30 to 90 wt. %. This 1s because the adhesion of
cover plating becomes worse when the amount 1s less than
30 wt. %, while the printing efliciency becomes worse when
the amount 1s over 90 wt. %.

As the resins which can be used, epoxy resin such as
bisphenol A type and bisphenol F type, phenolic resin,
polyimide resin, polytetratluoroethylene (PTFE), bismale-
imide-triazine (BT) resin, PFA, PPS, PEN, PES, nylon,
alamide, PEEK, PEKK and PET can be used.

As the curing agents, imidazole type, phenol type, amine
type can be used.

As the solvents, there can be mentioned NMP (normal
methyl pyrrolidone) DMDG (diethylene glycol dimethyl
cther), glycerin, water, 1-cicrohexanol, 2-cicrohexanol,
3-cicrohexanol, cicrohexanon, methyl cellsolve, methyl
cellsolve acetate, methanol, ethanol, butanol, propanol.

The non-conductive filler 1s preterably used. This 1s
because the shrinkage caused by curing becomes small and
the stripping between the conductor layer and via holes 1s
hardly occurred when using the non-conductive filler.

The metal surface-improving agents such as silane cou-
pling agents may be used for improving the bond strength
between the metal particle and resin. As other additives
which can be used, antiforming agents such as acryl type
antiforming agent and silicone type antiforming agent, 1nor-
ganic {illers such as silica, alumina, talc may be added.
Silane coupling agents may be also coated on the surface of
the metal particle.

Such fillers are printed in the following condition, for
example. Thus, using mask board of mesh board made of
tetron and angle squeege with 45° of angle, the printing 1s
curried out under the condition of a Cu paste viscosity of 120
Pa-s, squeege speed at 13 mm/sec., and squeege depression
of 1 mm.

Then, the residue of resin filler 6022 was removed from
the surface of the roughened layer 6020 on the conductor
6018 and the plated-through holes 6036 using a #600 belt
sanding paper (Sankyo Rikagaku) and, thereafter, builed to
get rid of flaws produced in the belt sanding operation to
make the surface of the substrate board 6030 flat (FIG. 40
(G)). Thus, 1 this step, the substrate board 6030 which
comprises being strongly interconnected between the inner-
layer of the plated-through hole 6036 and the resin filler
6022 through the roughened layer 6020 was provided.

(5) The Pd catalyst (Atotech) was applied to the surface of
the substrate board 6030 made flattened 1n the above-
mentioned (4), the electroless copper plating according to
the above-mentioned (2) was curried out to provide 0.6

um-thick electroles copper plating layer 6023 (FIG. 40 (H)).

(6) Then, the copper-clectroplating under the following
conditions was curried out to construct a 15 um-thick copper
layer 6024, thick plating of the conductor circuit 6014, and
conductor layer 6026a covering the filler 6022 filled 1n the
plated-through holes 6036 (round lands of plated-through
holes) (FIG. 40 (I)).

[Aqueous electroplating solution]

Sulfuric acid 180 g/L
Copper sulfate 80 g/L
Additive (Atotech Japan; 1 ml/L

Kaparacid GL)
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-continued

[Electroplating conditions]

1 A/dm?

30 min.
Room temp.

Current density
Time
Temperature

(7) A commercial photosensitive dry film was pasted on the
both sides of the substrate board 6030 forming the part of the
conductor circuit 6014 and the conductor layer 60264 and
with a mask placed in position, exposure at 100 mJ/cm” and

development with 0.8% sodium carbonate were carried out
to provide a 15 um-thick etching resist 6025 (FIG. 40 (1)).

(8) After the plating layers 6023, 6024 not having the
ctching resist 6025 were dissolved and removed by etching

with mixture of sultfuric acid and hydrogen peroxide, and
then the etching resist 6008 was stripped off with 5% KOH

to provide the conductor layer 6026a covering the isolated
conductor circuit 6014q and filler 6022 (FIG. 41 (K)).

(9) A 2.5 um-thick roughened layer (unevenness layer) 6027
comprised of Cu—N1—P alloy was formed on the surfaces
of conductor circuit 6026a covering the 1solated conductor
circuit 6014q and filler 6022 and a 0.3 um-thick Sn layer on
the surface of the roughened layer was formed (FIG. 41 (L),
but Sn layer was not shown).

The fabricating method 1s described in the following.
Thus, the substrate board 6030 was acid-degreased, sofit-
ctched and further treated with a catalyst solution compris-
ing palladium chloride and an organic acid to apply the Pd
catalyst, and after activation of the catalyst, the substrate
board was immersed 1 an electroless plating solution
(pH=9) comprising copper sulfate (8 g/L.), nickel sulfate (0.6
g/L.), citric acid (15 g/L), sodium hypophosphite (29 g/L),
boric acid (31 g/L and surfactant (0.1 g/L) to thereby provide
Cu—Ni1—P acicular alloy covering layer and roughened
layer 6027 on the surfaces of conductor layer 6026 covering
the conductor circuit 6014a and the filler 6022.

Cu—=Sn substitution plating was carried out by using 0.1
mol/L of tin borotluoride and 1.0 mol/L of thiourea at 50° C.
and pH=1.2 to provide 0.3 um-thick Sn layer (not shown) on
the surface of the roughened layer 6010.

The roughened layer comprised of Cu—Ni1—P alloy may
be also formed by forming so-called blacken-reduction layer
on the surface of the conductor layer 6026a covering the
conductor circuit 6014q and the filler 6022, filling the resin
such as bisphenol F type epoxy resin between the conductor
circuits, abrading the surface, and plating of the above-
mentioned (9).

(10) The above-mentioned resin filler C. for flattening the
surface of the substrate was prepared.

(11) Using a roll coater, the resin composition 6028 prepared
by the procedure described above 1 (10) was applied on
both sides of the substrate board 6030 to {fill the upper
conductor layer 6026q, to fill the lower conductor layer
60264 or conductor circuit 6014a with the resin filler, and to

be dried at 70° C. for 20 minutes (FIG. 41 (M)).

(12) One side of the substrate board which had undergone
the above procedure (11) was abraded with a belt sander
using #600 belt sanding paper (Sankyo Rikagaku) to thor-
oughly remove the resin filler 6028 from the surface of the
conductor layer 6026a and the conductor circuit 6014a.
Then, butling was carried out to remove the tlaws produced

by the above belt-sanding (FIG. 41 (N)).
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Then, the substrate board was heat-treated at 100° C. for
1 hour, 120° C. for 3 hours, 150° C. for 1 hour and 180° C.
for 7 hours to cure the resin filler 6028.

Since the roughened layer 6027 on the surface of the
conductor layer 6026a and conductor circuit 6014a was
removed and both sides of the surface was flattened, and
then the resin filler 6028, the conductor layer 6026a and the
lateral sides of the conductor circuit 6014a were firmly

bonded via the roughened layer 5038.

(13) The substrate board 6030 formed with the conductor
circuit 6026a and conductor circuit 6014a¢ which were
exposed by the treatment (12) mentioned above was alkali-
degreased, soft-etched and further treated with a catalyst
solution comprising palladium chloride and an organic acid
to apply the Pd catalyst, and after activation of the catalyst,
the substrate board was immersed 1n an electroless plating
solution (pH=9) comprising 3.2x10° mol/L of copper sul-
fate, 3.9x10™> mol/L of nickel sulfate, 0.5.4x10™* mol/L of
complexing agent, 3.3x10™" mol/L. of sodium hypophos-
phite, 5.0x10™" mol/L of boric acid and 0.1 g/L of surfactant
(N1sshin Chemical, Surphile 465). One minute after dipping,
the substrate board was vibrated lengthwise and crosswise
every 4 seconds to thereby provide a Cu—Ni1—P acicular
alloy covering layer and a roughened layer 6029 on the

surfaces of the conductor layer 6026a and the conductor
circuit 6014a (FIG. 41 (O)).

Then, a Cu—Sn substitution reaction was carried out
using 0.1 mol/L of tin borofluoride and 1.0 mol/LL of thiourea
at 35° C. and pH=1.2 to provide a 0.3 um-thick Sn layer (not

shown) on the roughened layer.

(14) The interlayer resin insulating agent (adhesive for lower
layer) was prepared by mixing and stirring the composition
of the interlayer resin insulating agent B. and adjusting the
viscosity of 1.5 Pa-s.

(15) The electroless plating adhesive (upper-layer adhesive)
was prepared by mixing and stirring the composition of the

clectroless plating adhesive A. and adjusting the viscosity of
7 Pas.

(16) Using a roll coater, the interlayer resin insulating agent
(for the lower layer) 6044 with a viscosity of 1.5 Pa's as
obtained 1 (14) above was coated on both sides of the
substrate of the above-mentioned (13) obtained above within
24 hours of preparation and the substrate board was allowed
to sit 1n the horizontal position for 20 minutes and dried at
60° C. for 30 minutes (prebake). Then, the photosensitive
adhesive solution (for the upper layer) 6046 with a viscosity
adjusted to 7 Pa-s as prepared in (15) mentioned above was
coated within 24 hours of preparation and the substrate
board was allowed to sit in the horizontal position for 20

minutes and, then, dried (prebaked) at 60° C. for 30 minutes
to provide a 35 um-thick adhesive layer 6050 o (FIG. 42

(P)).

(17) A photomask film (not shown) printed with black dots
having ¢$=85 um (not shown) was superimposed on both
sides of the substrate board 6030 formed with an adhesive
layer in (16) above and exposed to light at 500 mJ/cm? using
an ultrahigh-pressure mercury arc lamp. After spray-devel-
opment with DMTG solution, the substrate 6030 was further

exposed to light at 3000 mJ/cm” with the ultrahigh-pressure
mercury arc lamp and heat-treated (postbaked) at 100° C. for
1 hour, at 120° C. for 1 hour and further at 150° C. for 3
hours, whereby a 35 um-thick interlayer resin insulating
layer (binary structure) 6050 having 85 um ¢ openings
(openings for via holes) 6048 with a good dimensional
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tolerance corresponding to that of the photomask film (FIG.
42 ((Q)) was obtained. In the openings 6048 for via holes, the
plated tin layer (not shown) was caused to be partially
exposed.

(18) The substrate board 6030 was immersed 1n chromic
acid for 19 minutes to dissolve and removed the epoxy resin
particles from the surface of the interlayer resin nsulating,
layer 6050 to roughen the surface of said interlayer resin
isulating layer 6050 (FIG. 42 (R)), then immersed 1n a
neutralizing solution (Shipley) and rinsed with water.

(19) A palladium catalyst (Atotech) was applied to the
surface of the substrate board 6030 which had been sub-
jected to surface roughening 1n the above step to deposit the
catalyst nucleus on the surface of the interlayer resin insu-
lating layer 6050. Then, the substrate board 6030 was
immersed 1n an aqueous electroless copper plating solution
of the following formulation to provide a 0.6 um-thick
clectroless plated copper film 6052 all over the surface (FIG.

42 (S)).

[Aqueous electroless plating solution]

EDTA 150 g/L
Copper sulfate 20 g/L
HCHO 30 ml/L
NaOH 40 g/L
a, & "-Bipyridyl 80 mg/L
PEG 0.1 g/L

[Electroless plating conditions]

Bath temperature 70° C., for 30 mun.

(20) A commercial photosensitive dry film (not shown) was
pasted on the electroless plated copper film 6052 prepared in
the above-mentioned (19) and a mask (not shown) was

placed in position. Then, the exposure at 100 mJ/cm?® and

development with 0.8% sodium carbonate were carried out
to provide a 15 um-thick plating photoresist 6054 (FIG. 42

().

(21) Then, the resist-free area was copper-electroplated

under the following conditions to construct a 15 um-thick
copper layer 6056 filling the openings 6048 (FI1G. 43 (U)).

[Aqueous electroplating solution]

Sulfuric acid 180 g/L
Copper sulfate 80 g/L
Additive (Atotech Japan; 1 ml/L
Kaparacid GL)

[Electroplating conditions]
Current density 1 A/dm?
Time 30 min.
Temperature Room temp.

(22) After the plating resist 6054 was stripped off with 5%
KOH, the electroless plated metal film 6032 underneath the
plating resist was dissolved and removed by etching with an
etching solution comprising a mixture of sulfuric acid and
hydrogen peroxide to provide an 18 um-thick conductor
circuit 6038 and wvia holes 6060 comprising electroless
plated copper film 6052 and electroplated copper film 60356

(FIG. 43 (V).

10

15

20

25

30

35

40

45

50

55

60

65

74

(23) Following the same procedure as described 1 (13), a
roughened surface 6062 comprised of Cu—Ni1—P alloy was
formed on the surfaces of conductor circuit 6058 and via

holes 6060 and a Sn substitution on the surface was carried
out (FIG. 43 (W)).

(24) The sequence of steps (14) to (22) was repeated to
provide an additional upper-layer interlayer resin mnsulating
layer 6150, via holes 6160 and conductor circuit 6158.
Furthermore, the surface of the via holes 6160 and conductor
circuit 61358 were provided with roughened layer 6162 to
complete a multilayer buildup circuit board (FI1G. 43 (X)). In
this process for formation of said additional upper-layer
conductor circuit, no Sn substitution was carried out. In this
example, a flat multilayer buildup circuit board could be

obtained because the via holes 6060 and 6160 were formed
in the filled-via structure.

(25) Then, this multilayer buildup circuit board was pro-
vided with solder bumps. The solder resist composition
described under D. was coated 1n a thickness of 45 um on
both sides of the substrate board 6030 obtained in (24)
above. After the substrate board was dried at 70° C. for 20
minutes and further at 70° C. for 30 minutes, a 5 mm-thick
photomask film (not shown) carrying a pattern of dots (imask
pattern) was placed in mtimate contact and exposure with
ultraviolet light at 1000 mJ/cm* and development with

DMTG were carried out. Then, the substrate board was
further heat-treated at 80° C. for 1 hour, at 100° C. for 1

hour, at 120° C. for 1 hour and at 150° C. for 3 hours to
provide a solder resist layer 6070 (thickness: 20 um) having

openings 6071 (opeming dia. 200 um) in the solder pad areas
(1inclusive of via holes and their lands) (FIG. 44)).

(26) Then, this substrate 6030 was immersed 1n an electro-
less nickel plating solution (pH=4.5) containing 2.31x107"
mol/L. of nickel chloride, 2.8x10™" mol/L of sodium hypo-
phosphite and 1.85x10™" mol/LL of sodium citrate for 20
minutes to provide a 5 um-thick plated mickel layer 6072 1n
the openings 6071. Furthermore, this board was immersed in
an electroless gold plating solution containing 4.1x10°
mol/L. of potassium cyanide-gold, 1.87x10™" mol/L. of
ammonium chloride, 1.16x10~" mol/L, of sodium citrate and
1.7x107" mol/L. of sodium hypophosphite at 80% for 7
minutes and 20 seconds to provide a 0.03 um plated gold
layer 6074 on the plated nickel layer, whereby the via holes

6160 and conductor circuit 6158 were provided with solder
pads 6075 (FIG. 44).

(277) Then, the openings 6071 of the solder resist layer 6070
were printed with a solder paste followed by reflowing at
200° C. to provide solder bumps (solder masses) 6076U,
6076D and thereby provide a multilayer printed circuit

board 6010 (FIG. 44).

Finally, as shown in FIG. 45, the bumps 6076U of the
multilayer printed circuit board 6010 were set 1n registration
with the pads 6092 of an IC chip and caused to retlow to
mount the IC chip 6092 on the multilayer printed circuit
board 6010. Furthermore, the multilayer printed circuit
board 6010 was mounted on a daughter board 6094 by
setting 1t 1in registration with 1ts pads 6096 and retlowing.

Although, 1n Example 16, via holes 6060 filled with metal

were provided by depositing an electroplated conductor
6056 on the eclectroless plated metal layer 6052 in the
openings 6048, an clectroless plated metal layer may be
substituted for said electroplated conductor layer 6056. In
this case, an electroless plating resist 1s disposed without
prior formation of an electroless plated metal layer 6052 and
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in the resist-free areas, via holes of the filled-via type are
formed by electroless plating.

Furthermore, 1t 1s possible to {ill up the openings 6048 by
clectroless plating without disposing said electroless plated
metal film 60352. Thus, the interlayer resin msulating layer
6050 having openings 6048 communicating with the lower-
layer conductor layer 6026a can be electroless-plated to fill
up the openings 6048 without application of an electroless
plating catalyst. Since the pretreatment with an electroless
plating catalyst 1s not performed in this case, the electroless
plating metal 1s selectively deposited on the conductor layer
6026a 1n the bottom of the openings 6048. Therefore, the
surface of this electroless plated conductor can be flat and
smooth. It 1s also possible to form via holes 6060 by
depositing an electroplating conductor on this electroless
plated conductor having a flat surface.

EXAMPL.

L1

17

The process for the multilayer printed circuit board

according to Example 17 1s now described with reference to
FIG. 46.

As to the multilayer printed circuit board according to
Example 16, the covering plated layer (the conductor layer)
6026a was formed on the plated-through holes 6036 and the
plated-through holes 6036 and via holes 6060 were inter-
connected via said conductor layer 6026a. On the other
hand, as to the multilayer printed circuit board according to
Example 17, via holes 6060 formed the through holes 6016
constituting the plated-through holes 6036 with the small
diameter (100 to 200 um) by laser were deposited at the
position covering the through holes 6016 constituting the
plated-through holes 6036, and lands 6036a in the plated-
through holes 6036 and via holes 6060 were electro-con-
nected.

The laser processing equipment which can be used in this
step 1ncludes a carbon dioxide gas laser equipment, a UV
laser equipment and an eximer laser equipment. The pre-
terred diameter 1s preferably 100 to 200 um. Among said
machines, the carbon dioxide gas laser equipment, which
features a high processing speed and a low-cost operation
and, hence, 1s most suited for industrial use, 1s the laser
processor of choice for the practice of the invention of the
sixth group.

In Example 17, when 20 to 50% of the bottom of via holes
6060 1s connected lands 6036a in the plated-through holes
6036, the suflicient electrical connection thereof can be
obtained.

As to the multilayer printed circuit board according to
Example 17, the lower via holes 6060 were formed on the
plated-through holes 6036 and the upper via holes 6160
were formed on the lower wvia holes 6060, so that the
plated-through holes 6036 and the upper via holes 6160
were deposited straight as a result the translation rate of an
IC chip 6090 was improved

EXAMPL.

L1

13

The process for the multilayer printed circuit board

according to Example 18 1s now described with reference to
FIG. 47 (A).

As to the multilayer printed circuit board according to
Example 16 or 17, filled via structure was used for via holes
6060. On the other hand, as to the multilayer printed circuit
board according to Example 18, the surface of via holes
6060 was flattened to form the upper via holes 6160 by
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leaving concaved areas 6056a in the lower via holes 6060
and filling said concaved areas 6056a with the conductive
pastes 6021.

As the conductive pastes, there can be used silver, there
can be used a conductive paste which comprises at least one
metal particle selected from the group consisting of copper,
gold, nickel, solder. As the metal particle, a metal particle the
surface of which 1s coated with a different kind of metal. For
example, the metal particle of copper whose surface 1is
coated with a noble metal selected from gold and silver may
be used.

As the conductive pastes, there can be preferably used
organic conductive pastes which contain metal particles, and

thermosetting resin such as epoxy resin and polyphenyl-
enesulfide (PPS) resin are added.

EXAMPLE 19

As to the multilayer printed circuit board according to
Example 19 1s now described with reference to FI1G. 47 (B).

As to the multilayer printed circuit board according to
Example 18, concaved areas 6056a 1n the lower via holes
6060 were filled with the conductive pastes 6021. On the
other hand, as to the multilayer printed circuit board accord-
ing to Example 19, the surface of via holes 6060 was
flattened to form the upper via holes 6160 by filling said
concaved areas 60564 1n the lower via holes 6060 with the
resin 6121. Therefor, the multilayer printed circuit board
according to Example 18 or 19 was produced more easily
than that according to Example 16 or 17.

EXAMPL.

20

(Ll

As to the multilayer printed circuit board according to
Example 20 1s now described with reference to FIG. 48.

As to the multilayer printed circuit board according to
Example 18 or 19, concaved areas 6056a in the lower via
holes 6060 were filled with the conductive pastes 6021 or
resin 6121. On the other hand, as to the multilayer printed
circuit board according to Example 20, the upper via holes
6160 were formed without filling said concaved areas 60564
in the lower via holes 6060. Theretfor, the multilayer printed
circuit board according to Example 20 were produced more
casily.

EXAMPL.

L1

21

As to the multilayer printed circuit board according to
Example 21 1s now described with reference to FIG. 49.

As to the multilayer printed circuit board according to
Example 16, solder bumps 6076U, 6076 were disposed at
the position a little far from the plated-through holes 6036.
On the other hand, as to the multilayer printed circuit board
according to Example 21, solder bumps 6076U, 6076D were
disposed immediately over the upper via holes 6160. There-
for, as to the multilayer printed circuit board according to
Example 21, the lower-layer via holes 6060 were disposed
immediately over plated-through holes 6036, upper-layer
via holes 6160 were disposed immediately over said lower-
layer via holes 6060, and solder bumps 6076U, 6076D were
disposed immediately over the plated-through hole 6036,
therefore the plated-through hole 6036, lower-layer via hole
6060, upper-layer via hole 6160 and solder bumps 6076U,
6076D can be lined up 1n good registration so that the wiring
length can be reduced to increase the transmission speed of
signals.
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EXAMPL

(L]

22

As to the multilayer printed circuit board according to
Example 22 1s now described with reference to FIG. 50.

As to the multilayer printed circuit board according to 5
Example 17, solder bumps 6076U, 6076 were disposed at
the position a little far from the plated-through holes 6036.
On the other hand, as to the multilayer printed circuit board
according to Example 22, solder bumps 6076U, 6076D were
disposed immediately over the upper via holes 6160. There- 10
for, the multilayer printed circuit board according to
Example 22 had an advantage that the plated-through hole
6036, lower-layer via hole 6060, upper-layer via hole 6160
and solder bumps 6076U, 6076D can be lined up i good
registration so that the wiring length can be reduced to 15
increase the transmission speed of signals, and a large
amount of power can be obtained instantaneously from the
power layer.

In Example 22, the multilayer printed circuit board having
two layers on one side 1s shown, but it 15 obvious without 20
saying that the multilayer printed circuit board having not
less than three layers on one side may be available.

INDUSTRIAL APPLICABILITY
25

Thus, 1n accordance with the constant-voltage pulse plat-
ing process used 1n the first group of iventions, conductor
circuit and via holes of good crystallinity and uniform
deposition can be constructed on a substrate and high-
density wiring and highly reliable conductor connections 3g
can be realized without annealing.

Moreover, the constant-voltage pulse plating process used
in the first group of mnventions can be easily carried out using
an mexpensive power supply, e.g. a direct current source, by
repeating application and interruption of a voltage alter- 35
nately through manipulation of an ON-OFF switch. Thus,
unlike the PR plating process requiring an expensive power
source, this process makes 1t possible to construct an elec-
troplated metal layer of excellent crystallinity and uniform
deposition on the substrate surface as well as 1n the openings 40
for via holes, thus being of great industrial advantage.

Furthermore, with the electroless plating solutions used in
the first and second inventions belonging to the second
group, which contain tartaric acid or its salt, the amount of
hydrogen uptake 1n the plated metal layer 1s so small that the 45
residual stress 1n the plated metal film 1s decreased, with the
result that the risk for peeling of the film and of layers 1s low.
Moreover, since the deposition rate can be reduced as
compared with the prior art, a plated metal film of suthicient
thickness can be formed even 1n fine via-hole openings. In 50
addition, the plated metal film can be thoroughly removed
by etching.

The printed circuit boards according to the fifth through
seventh inventions belonging to the second group are highly
reliable because said electroless plating solution containing 55
tartaric acid or a salt thereof yields an electroless plated
metal film of good adhesion and high peel resistance on a
roughened resin msulating layer as well as within via holes
in a suilicient thickness.

The printed circuit board according to the eighth imnven- so
tion among 1mventions of the second group 1s highly reliable
because the electroless plating solution containing tartaric
acid, copper 10n and nickel or other 10on yields a plated metal
film of high hardness and good adhesion on a roughened
resin 1nsulating layer. 65

In the invention of the third group, the copper foil 1s
reduced in thickness 1n advance so that a fine circuit pattern

78

can be implemented. Moreover, because the thickness of the
conductor circuit on the core board i1s not much different
from the thickness of the conductor layer on the interlayer
resin msulating layer, an impedance alignment can be easily
obtained between said conductor circuit on the core board
and conductor layer on the interlayer resin insulating layer,
thus contributing to an improved high-frequency character-
istic of the printed circuit board.

In addition, the surface of the interlayer resin insulating
layer can be flattened without filling the inter-conductor
gaps with a resin.

In accordance with the mvention belonging to the fourth
group, complete filling of via-hole openings and formation
of conductor circuit can be simultanecously implemented
without using an expensive equipment.

Moreover, since the via holes 1n the multilayer printed
circuit board can be filled up by plating, the interlayer resin
isulating layer can be flat and smooth and the stacked via
can also be constructed.

In accordance with the invention belonging to the fifth
group, the land configuration of the plated-through hole can
be true-round so that the density of plated-through hole
wirings 1n a multilayer core board 1s improved. Therefore,
the buildup circuit stratum on the face side of a core board
and the buildup stratum on the reverse side can be consoli-
dated 1n the same pace so that the number of layers consti-
tuting the top stratum and that of layers constituting the
bottom stratum can be equalized and hence the necessary
number of layers can be minimized. Moreover, since via
holes can be disposed in registration, the wiring length
within the printed circuit board can be decreased.

In the invention belonging to the sixth group, wherein
lower-layer via holes are disposed immediately over plated-
through holes and upper-layer via holes are disposed imme-
diately over said lower-layer via holes, the plated-through
hole, lower-layer via hole and upper-layer via hole can be
lined up 1n good registration so that the wiring length can be
reduced to increase the transmission speed of IC chip
signals.

The mvention claimed 1s:

1. A circuit board comprising a substrate and built
thereon, a circuit comprised of a copper film,

wherein said copper film comprises an electroplated layer

and has properties that (a) its crystallinity 1s such that
the X-ray diflraction half-width of the (331) plane of
copper 1s less than 0.3 deg. and (b) the variation 1n
thickness ((maximum thickness-minimum thickness)/
average thickness) of said copper film as measured over
the whole surface of said substrate is not greater than
0.4.

2. The circuit board according to claim 1 wherein said
copper film has an elongation of not less than 7%.

3. The circuit board according to claim 1, wherein said
copper film 1s formed by constant-voltage pulse plating
technique.

4. A printed circuit board comprising a substrate and, built
thereon, a circuit comprised of a copper film,

wherein said copper film comprises an electroplated layer

and has properties that (a) its crystallinity 1s such that
the X-ray diflraction half-width of the (331) plane of
copper 1s less than 0.3 deg. and (b) the variation 1n
thickness ((maximum thickness-minimum thickness)/
average thickness) of said copper film as measured over
the whole surface of said substrate is not greater than
0.4.

5. The printed circuit board according to claim 4 wherein
said copper film has an elongation of not less than 7%.
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6. The printed circuit board according to claim 4, wherein
said copper film 1s formed by constant-voltage pulse plating
technique.

7. A printed circuit board comprising a substrate formed
with a conductor circuit, an 1terlayer resin insulating layer
thereon and a conductor circuit comprised of a copper film
on said interlayer resin isulating layer and having via holes
by which said conductor circuits are interconnected,

wherein said copper film comprises an electroplated layer

and has properties that (a) its crystallinity 1s such that
the X-ray diflraction half-width of the (331) plane of
copper 1s less than 0.3 deg. and (b) the variation 1n
thickness ((maximum thickness-minimum thickness)/
average thickness) of said copper film as measured over
the whole surface of said substrate 1s not greater than
04.

8. The printed circuit board according to claim 7, wherein
said copper film has an elongation of not less than 7%.

9. The printed circuit board according to claim 7, wherein
said copper 11lm 1s formed by constant-voltage pulse plating
technique.

10. A printed circuit board comprising a resin msulating
substrate board formed with a roughened surface and, built
thereon by semi-additive process, a conductor circuit com-
prising an electroless plated film and an electroplated film,

wherein said roughened surface comprises convex areas

and concave areas, and said electroless plated film 1s
complementary to a surface of said roughened surface
with said electroless plated film 1n convex areas of said
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roughened surface being relatively greater 1n thickness
than said electroless plated film 1n concave areas of said
roughened surface.

11. The printed circuit board according to claim 10,

wherein said electroless plated film 1s a copper film which

contains at least one metal species selected from the
group consisting of nickel, 1ron and cobalt.

12. The printed circuit board according to claim 11
wherein the proportion of said at least one metal species
selected from the group consisting of nickel, 1rron and cobalt
1s 0.1 to 0.5 weight %.

13. The printed circuit board according to claim 11,
wherein said electroless plated film comprises an alloy of
copper and at least one metal species selected from the group
consisting of nickel, iron and cobalt.

14. The printed circuit board according to claim 10,
wherein said electroless plated film 1s formed from an
clectroless plating solution comprising tartaric acid or a salt
thereof.

15. The printed circuit board according to claim 10,
wherein said roughened surface comprises a primary anchor
and a secondary anchor, said primary anchor having concave
and convex parts and said secondary anchor being formed
on the convex areas of said roughened surface.

16. The printed circuit board according to claim 10,
wherein said electroless plated film has a stress of 0 to +10

keg/mm”.
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